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ABSTRACT
A s e n s i t i v e ,  r a p id ,  and a ccu ra te  method fo r  e x t r a c t io n  and 
a n a ly s is  o f  gossypol in  bovine plasma and t is s u e  by h igh-perform ance  
l iq u id  chromatography was developed. A th re e  day o ld  Guernsey b u l l  
c a l f  absorbed gossypol a f t e r  a s in g le  o ra l  dose o f  gossypol a c e t ic  
ac id  in  corn o i l (5 mg/kg o f  body w e ig h t ) .  Maximum le v e l  o f  plasma 
gossypol<5.5 ug /m l) was observed a t  6 hours a f t e r  t re a tm e n t .  Average 
gossypol re c o v e r ie s  from plasma and t is s u e  samples spiked b e fo re  
e x t r a c t io n  were 8 8 .S */. and 8 2 .9  %, r e s p e c t iv e ly .
Nine y e a r l in g  H o ls te in  b u l ls  were used to  e v a lu a te  the  e f f e c t  o f  
feed in g  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed meal c o n ta in in g  gossypol 
and soybean meal r a t io n s  on growth r a t e ,  semen q u a l i t y  and 
spermatogenesis. B u l ls  on cottonssed meal were fed  enough co n cen tra te  
to  p ro v id e  an average d a i ly  gossypol in ta k e  o f  6 and 30 mg per kg 
o f  body weight in  T r i a l s  1 and 2 .  Cottonseed meal c o n ce n tra te  fed  in  
T r i a l s  1 and 2 conta ined 3 0 3 3 .6 6 1 0 .2 5  mg o f  gossypol per kg o f  dry  
m a t te r .
R es u lts  o f  T r i a l s  1 and 2 in d ic a te d  th a t  feed in g  d i r e c t  s o lv e n t -  
e x tra c te d  cottonseed meal c o n ta in in g  gossypol to y e a r l in g  H o ls te in  
b u l ls  d id  not have a d e tr im e n ta l  e f f e c t  on growth r a t e ,  semen q u a l i t y  
and sperm atogenesis. Body w e ig h t ,  body le n g th ,  w ith e r  h e ig h t ,  and 
s c ro ta l  c ircum ference  were not a f fe c te d  by r a t io n  in  T r i a l s  1 and 2 .  
Slope o f  h e a r t  g i r t h  o f  cottonseed meal b u l ls  d i f f e r e d  from soybean 
meal b u l l s .  B u l ls  on cottonseed meal had a s ig n i f i c a n t l y  h igher
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increase  in  sperm volume per week than soybean meal b u l ls  in  T r i a l  1. 
D esp ite  the  d a i ly  in ta k e  o f  gossypol <30±0.25 mg/kg o f  body w e ig h t )*  
acrosomal i n t e g r i t y  a t  3 h and m o t i l i t y  a t  0 h were h igher in  semen o f  
cottonseed meal b u l ls  during  T r i a l  2 .  Mean number o f  le p to te n e  prim ary  
spermatocytes* S e r t o l i  c e l l s *  and le p to te n e  prim ary  sperm atocytes to  
S e r t o l i  c e l l s  r a t i o  o f  cottonseed meal b u l ls  were not s i g n i f i c a n t l y  
d i f f e r e n t  from soybean meal b u l l s .  Spermatogonial m ito s is  was not 
a f fe c te d  by feed in g  cottonseed meal c o n ta in in g  gossypol to  y e a r l in g  
H o ls te in  b u l l s .
Gossypol was not found in  t is s u e  ( l i v e r ,  spleen* lung, h e a r t ,  
t e s t i s *  k idney* and diaphragm muscle) or plasma samples. S teady-  
s ta te  o f  plasma gossypol were not observed. Gossypol was a p p a re n t ly  
degraded or in a c t iv a te d  in  the  rumen and was not absorbed a t  
d e te c ta b le  le v e ls .
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INTRODUCTION
Cottonseed meal* a by-p roduct o f  the  c o tto n  f i b e r  and cottonseed  
o i l  in d u s tr ie s *  is  an e x c e l le n t  source o f  p ro te in *  energy , and f i b e r  in  
l iv e s to c k  r a t io n s .  Many dairymen o f  the  southern and western s ta te s  
feed cottonseed meal to improve m ilk  p roduction  and f a t  t e s t .  Gossypol, 
a y e l lo w  pheno lic  pigment is o la te d  from cottonseed* is  to x ic  to  
nonruminants when ingested in  excess ive  amounts in  i t s  f r e e  s t a t e .  In  
ruminants* gossypol is  thought to  be d e t o x i f ie d  by b in d in g  to  s o lu b le  
p ro te in  in  the  rumen (5 6 ) .
In  g e n e ra l ,  gossypol has been shown to have an a n t i f e r t i l i t y  e f f e c t  
on monogastric male anim als when adm in is tered  a t  sub tox ic  le v e ls  (7 9 ) .  
Feeding or subcutaneous a d m in is t ra t io n  o f  pure gossypol im pairs  
spermatogenesis and depresses semen q u a l i t y  in  the  r a t *  mouse* hamster* 
r a b b i t ,  monkey* and human <1, E4, 57 , 6 0 ,  71 , 7 9 ) .  A n t i f e r t i l i t y  
e f f e c t s  o f  pure gossypol a re  r e v e r s ib le  f o r  males o f  these sp ec ies .
Since the  e f f e c t  o f  feed in g  d i r e c t  s o lv e n t -e x t ra c te d  cottonseed meal 
c o n ta in in g  gossypol to y e a r l in g  H o ls te in  b u l ls  i s  unknown, p o s s ib le  
e f f e c t s  o f  feed in g  r a t io n s  c o n ta in in g  gossypol on bovine semen q u a l i t y  
and spermatogenesis should be s tu d ie d .  R esu lts  o f  such s tu d ie s  would 
p ro v id e  unique in fo rm a tio n  about use o f  d i r e c t  s o lv e n t -e x t r a c te d  
cottonseed meal c o n ta in in g  gossypol in  b u l l  r a t io n s  fo r  a r t i f i c i a l  
insem ina tion  o rg a n iz a t io n s *  d a i ry  and beef producers. T h e re fo re ,  the  
o b je c t iv e s  o f  th is  in v e s t ig a t io n  were: 1) to develop a s e n s i t iv e  and 
accura te  method fo r  e x t r a c t io n  and a n a ly s is  o f  gossypol in  bovine plasma
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and t is s u e s  and S) to  study the  e f f e c t s  o f  fe ed in g  d i r e c t  s o lve n t  
e x tra c te d  cottonseed meal c o n ta in in g  gossypol to y e a r l in g  H o ls te in  b u l ls  
on growth ra te»  semen q u a l i t y !  and sperm atogenesis.
CHAPTER I
LITERATURE REVIEW
A. Chemistry o f  q o s s v d o I
E x c e l le n t  rev iew s o f  the  c h em is try ,  p r o p e r t ie s ,  and r e a c t io n s  o f  
gossypol have been presented in  the  l i t e r a t u r e  (6 ,  7 ,  16, 17, 3 7 ,  5 0 ,  
6 7 ) .  The chemical name o f  gossypol is  a 1 , 1 ’ , 6 , 6 ’ ,7 ,7 '-h e x a h y d ro x y  
5 , 5 ’ -d is o p ro p y l  3 , 3 ’ -d im e th y l  < 2 ,2 ’ -b in a p h th a 1en e ) - 8 , B’ -d icarb o xa ld eh yd e  
(6 ,  3 0 ) .  Gossypol, w ith  m olecular weight o f  516 .54  and e m p ir ic a l  
fo rm ula  CggNggOg, is  a y e l lo w is h  pigment which occurs in  c e r t a in  species  
o f  co tto n  p la n t .  Gossypol c o n s t i tu e s  SO to 40% o f  the  weight o f  the  
pigment glands in  cottonseed ( 1 7 ) .  Cottonseed u s u a l ly  co n ta in s  0 .4  to  
1.7'/, t o t a l  gossypol. The c o tto n  p la n t  seed a lso  has the h ig h e s t  le v e l  
o f  f r e e  gossypol ( 0 .8 4 7 ’/,) compared to  o th e r  p a r ts  o f  the  p la n t  ( 7 1 ) .  
Aldehyde, h e m ia c e ta l ,  and ph en o lic  q u ino id  a re  the  th re e  tau tom eric  
forms o f  gossypol. The major tautomer o f  gossypol in  n a tu re  is  the  
aldehyde form . I t  is  markedly r e a c t iv e  and the  phenol hydroxyl e x h ib i ts  
s t ro n g ly  a c id ic  p r o p e r t ie s .  A ldehyde-carbonyl groups can r e a c t  w ith  
a c id s ,  bases, oxygen, and o th e r  k inds o f  fu n c t io n a l  groups p re se n t in  
biochem ical systems ( 1 6 ) .  I t  i s  s o lu b le  in  most o rgan ic  s o lv e n ts  o f  
in te rm e d ia te  p o l a r i t y  but is  not r e a d i l y  s o lu b le  in  hexane or water  
( 6 8 ) .  In  a lk a l in e  s o lu t io n s  i t  i s  ex trem e ly  s e n s i t iv e  to o x id a t io n  (62)  
and heat and l i g h t  degrade gossypol ( 5 3 ) .  Gossypol a c e t ic  ac id  is  a 
s ta b le  and e a s i l y  prepared d e r iv a t i v e .  I t  has been recommended as a 
re fe re n c e  a n a ly t i c a l  s tandard in  d e te rm in a t io n  o f  gossypol
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c o n c e n tra t io n  ( 3 6 ) .
B. T o x ic i ty  o f  oossvpol
Gossypol is  o f te n  to x ic  to monogastric male and fem ale  animals such 
as the  r a t ,  mouse* hamster* r a b b i t *  monkey* and human. T o x ic i ty  is  
g r e a t ly  increased when gossypol is  ad m in is te red  in tra v e n o u s ly  or 
i n t r a p e r i t o n e a l ly  ( 7 9 ) .  In  ruminant anim als* gossypol conta ined  in  
cottonseed meal is  r e l a t i v e l y  n o n -to x ic  due to prolonged m a s t ic a t io n *  
rumen water con ten t*  and th e  exposure t im e o f  cottonseed meal to  rum inal  
f l u i d s .  These fa c to r s  r e s u l t  in  gossypol b ind ing  to p r o te in s  (5 6 ) .  In  
sheep* Danke (29 ) demonstrated th a t  fe e d in g  high and low gossypol 
cottonseed meal d ie t s  d id  not s i g n i f i c a n t l y  a f f e c t  d a i l y  g a in ,  feed  
consumption or e f f i c i e n c y .  However, necropsy da ta  from sheep shewed 
th a t  gossypol was not com plete ly  d e t o x i f i e d  in  the  rumen. A f te r  
in travenous  a d m in is t ra t io n  o f  gossypol* sheep d is p la y  symptoms o f  
gossypol t o x i c i t y  s im i la r  to  those in  nonruminants. In  d a i r y  c a t t l e *  
Lindsey (42 ) re p o rte d  th a t  t o t a l  m ilk  p ro d u c tio n ,  p e rcen t m ilk  f a t ,  and 
t o t a l  s o l id s  were not a f fe c te d  a f t e r  fe e d in g  cottonseed meal r a t io n s  fo r  
14 weeks. Gossypol was not found in  any m ilk  samples. However, 
d e te c ta b le  le v e ls  o f  plasma bound gossypol were found in  cows consuming 
cottonseed meal r a t io n s .  T o ta l  l i v e r  gossypol was c o r r e la te d  w ith  
average f r e e  gossypol consumption per k ilogram  o f  body weight per day 
( r=  0 .8 7 ,  P C .0 1 ) .  E ry th ro c y te  hemolysis and corpuscu lar f r a g i l i t y  were 
g re a te r  in  cows fed  cottonseed meal r a t io n s .  Although le v e ls  o f  
cottonseed meal used f o r  fo rm u la t io n  o f  d a i r y  c a t t l e  r a t io n s  in  the
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Lindsey (*»2) study were h ig h er  than in  p r a c t ic a l  a p p l ic a t io n *  they  
demonstrated th a t  mature d a i ry  c a t t l e  have a l im i te d  c a p a c ity  to  
d e to x i fy  d ie t a r y  gossypol.
The mechanisms by which gossypol causes t is s u e  damage a re  po o rly  
understood. T o x ic i t y  may be due to  the  a c t io n  o f  gossypol on s p e c i f ic  
enzymes, or in te r fe r e n c e  w ith  amino a c id ,  p r o te in ,  or i ro n  metabolism  
( 1 6 ) .  P a th o lo g ic  symptoms o f  gossypol t o x i c i t y  a re  many and v a r ie d  
depending upon s p ec ie s . Common symptoms o f  gossypol t o x i c i t y  in  
nonruminant animals a re ;  depressed a p p e t i t e ,  loss o f  body w e ig h t ,  and 
i n e f f i c i e n t  p ro te in  u t i l i z a t i o n  ( 1 6 ) .  Card iac  i r r e g u l a r i t y  is  the  most 
common acute  to x ic  e f f e c t .  In  subacute re a c t io n s  pulmonary edema occurs 
and in  chron ic  re a c t io n s  m a ln u t r i t io n  and growth r e t a r d a t io n  a re  seen.
A v a r ie t y  o f  s tu d ie s  have suggested th a t  gossypol to le ra n c e  le v e ls  are  
d e f i n i t e l y  assoc ia ted  w ith  spec ies  and s t r a in  o f  an im a l,  mode o f  
a d m in is t r a t io n ,  m inera l and p r o te in  conten t o f  the d i e t ,  cum ulative  dose 
o f  f r e e  gossypol and type o f  gossypol adm in is tered  (1 ,  65 , 76 , 7 9 ) .
C. Nonmutaoenic a c t i v i t y  o f  gossypol
Severa l in v e s t ig a to r s  have proposed th a t  sperm head a b n o rm a li t ie s  
might p ro v id e  a s e n s i t iv e  t e s t  system f o r  e v a lu a t in g  g e n e t ic  e f f e c t s  
o f  a mutagen upon germ c e l l s  (5 ,  70 , 7 7 ,  7 8 ) .  In  the  Ames Salm onella  
T e s t ,  which is  an in  v i t r o  technique used fo r  d e te c t io n  o f  p o te n t ia l  
te ra to g e n ic  and carc in o g en ic  chem icals , gossypol was shown to be 
nonmutagenic <4^, 52 , 7 8 ) .  Gossypol a c e t ic  ac id  .in v ivo  d id  not 
increase  the  frequency o f  abnormal sperm heads in  mice a t  dose le v e ls
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o f  20 and 40 mg per kg o f  body weight per day a f t e r  1, 4 ,  8 ,  and 12 
weeks o f  tre a tm en t ( 4 5 ) .  However, frequency o f  sperm head a b n o rm a li t ie s  
in  ethylm ethane s u lfo n a te  ( p o s i t i v e  c o n tro l  mutagenic agent) t re a te d  
mice rose from 4 .  IX a t  1 weeks to 1 0 .3 ’/. a t  8 weeks and then recovered  
to 5.6'/. by week 12.
D. E f f e c t  o f  gossypol on t e s t i c u l a r  endocrine  fu n c t io n !  semen Q u a l i ty ,  
and male f e r t i l i t y
In  r a t  i n t e r s t i t i a l  c e l l  c u l tu r e s ,  lu t e i n iz i n g  hormone a t  a dose 
o f  5 pg per ml o f  b u f fe r  in c rease  te s to s te ro n e  p ro d u c tio n . However, 
gossypol has a d i r e c t  in h ib i t o r y  e f f e c t  on s te ro id o g en e s is  in  a 
dose-dependent manner ( 4 1 ) .  C oncentra tions  o f  gossypol less  than 10 uM 
had no e f f e c t ,  w h i le  gossypol a t  50 and 100 uM s ig n i f i c a n t l y  in h ib i te d  
8 -b ro m o -c y c lic  AMP-induced te s to s te ro n e  fo rm a tio n  and the  conversion o f  
pregnenolone to te s to s te ro n e  ( 4 1 ) .  Gossypol a t  25 to 100 uM 
s ig n i f i c a n t l y  decreased c y c l ic  AMP response to lu t e i n iz i n g  hormone 
s t im u la t io n .  In  v ivo  , r a t s  in je c te d  subcutaneously w ith  1, 5 ,  and 10 mg 
o f  gossypol per kg o f  body weight per day fo r  1 week showed a 
re d u c t io n  in  le v e l  o f  serum te s to s te ro n e  ( 4 1 ) .  A decrease in  
te s to s te ro n e  and lu t e in iz in g  hormone, but not in  f o l l i c l e - s t i m u l a t i n g  
hormone, was rep o rted  a f t e r  a d m in is t ra t io n  o f  gossypol a t  30 mg per kg 
o f  body weight per day to  r a t s  f o r  6 weeks ( 2 4 ) .  In  c o n t r a s t ,  
te s to s te ro n e  le v e ls  in  monkeys were not s i g n i f i c a n t l y  reduced a f t e r  o ra l  
gossypol feed in g  a t  10 mg per kg o f  body weight per day f o r  24 weeks 
( 6 5 ) .  Leydig c e l l  response in  monkeys, as estim ated  by te s to s te ro n e
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p roduction  induced by lu t e i n iz i n g  re le a s in g  hormone a d m in is t r a t io n ,  
was s im i la r  between c o n tro l  and g o s s y p o l- t re a te d  monkeys. However, 
t o t a l  plasma c h o le s te ro l  c o n c e n tra t io n  in  monkeys was s i g n i f i c a n t l y  
a f f e c t e d .  The re d u c t io n  in  t o t a l  plasma c h o le s te ro l  c o n c e n tra t io n  was 
due to  a decrease in  low 1ip o p r o te in -c h o le s te r o l  le v e ls  in  plasma. 
S ig n i f ic a n t  red u ct io n s  in  plasma te s to s te ro n e  le v e ls  were a lso  observed 
in  hamsters t re a te d  w ith  15 mg per kg o f  body weight per day o f  gossypol.  
No s ig n i f i c a n t  changes in  p r o la c t in  and lu t e in iz in g  hormone c o n ce n tra t io n  
were observed (6 0 ) .
Rats fed  gossypol a t  30 mg per kg o f  body weight per day fo r  6 
weeks had s ig n i f i c a n t l y  reduced w eights  o f  e p id id y m is , seminal v e s ic le ,  
and p ro s ta te ,  but t e s t i c u l a r  weight was u n a ffe c te d  (2 4 ) .  Gossypol 
accumulated in  the  r a t  te s te s  a f t e r  o r a l  a d m in is t ra t io n  a t  40 mg per kg 
o f  body weight per day fo r  8 weeks ( 3 8 ) .  At each trea tm en t p e r i o d ( l ,  2 ,
4 ,  and 8 wk) the  le v e ls  o f  f r e e  gossypol were g re a te r  than bound 
gossypol in  the  te s te s  ( 3 8 ) .  A decrease in  the  seminal v e s ic le  and 
v e n t r a l  p ro s ta te  weights  has been re p o rte d  in  mice a f t e r  being in je c te d  
subcutaneously w ith  25 mg per kg o f  body weight per day o f  gossypol fo r  
10 days ( 2 8 ) .  R e la t iv e  ep id idym al w eights  o f  go ssyp o l-fed  hamsters were 
s ig n i f i c a n t l y  reduced, w h i le  the  t e s t i s  and seminal v e s ic le  w eights were 
u n a ffe c te d  ( 6 0 ) .
R ecently  s tu d ie s  have in d ic a te d  th a t  gossypol has a d e tr im e n ta l  
e f f e c t  on m o t i l i t y ,  c o n c e n tra t io n ,  and ab n o rm ality  o f  mammalian 
spermatozoa. Spermatozoa recovered from the  cauda ep id idym is  o f  r a ts  
showed abnormal m o t i l i t y  and morphology a f t e r  re c e iv in g  30 mg per kg o f
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body weight per day fo r  6 weeks ( 6 0 ) .  M orphological a b n o rm a li t ie s
included s h arp ly  bent t a i l s  and complete s e p a ra t io n  o f  t a i l  from head.
Sperm c o n c e n tra t io n  was 50*/. less  in  gossypol t re a te d  r a t s  than the
c o n tro l  r a t s .  When whole cottonseed f lo u r  d ie ts  were fed  to r a t s ,  th e re
were s ig n i f i c a n t  decreases in  numbers and m o t i l i t y  o f  spermatozoa washed
from the  caput, corpus and cauda ep id idym is  ( 7 1 ) .  Gossypol
s ig n i f i c a n t l y  decreased sperm c o n c e n tra t io n  and m o t i l i t y  a f t e r  feed in g
10 mg per kg o f  body weight per day f o r  24 weeks to monkeys (6 5 ) .
Numbers o f  sperm w ith  c o i le d  or broken t a i l  p ie c e s ,  m idpiece cytoplasm ic
d ro p le ts  and detached heads were g re a te r  in  t r e a te d  monkeys than
c o n t r o ls .  In  v i t r o , m o t i l i t y  o f  monkey sperm was in h ib i te d  due to
gossypol in  a c o n c e n tra t io n  dependent manner ( 7 3 ) .  A p ro g re ss iv e  loss
o f  m o t i l i t y  was seen a t  gossypol c o n c e n tra t io n  from 2 0 -50  Hm and complete
i n h i b i t i o n  occurred a t  a c o n c e n tra t io n  o f  75 Mm. F i f t y  percen t
in h i b i t i o n  o f  m o t i l i t y  and g ly c o ly s is  occurred a t  a gossypol to sperm
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r a t i o  o f  8 nmol/ 10 spermatozoa. Gossypol in h ib i te d  g ly c o ly s is  a t  the  
s i t e  o f  L a c ta te  dehydrogenase-X. Th is  in h i b i t i o n  cause a decrease in  
g ly c o ly s is  in te rm e d ia te s  and d e p le t io n  in  sperm ATP, ADP, and AMP 
l e v e ls .  In  humans, sperm v e lo c i t y  and m o t i l i t y  was reduced immediately  
a f t e r  a d d i t io n  o f  100 pg o f  gossypol to u n d i lu te d  e ja c u la t e  ( 5 7 ) .
Hamster males t re a te d  w ith  15 mg per kg o f  body weight per day o f  
gossypol became i n f e r t i l e  w i th in  7 to 8 weeks o f  trea tm en t ( 6 0 ) .
Recovery tim e from s t e r i l i t y  was in v e rs e ly  p ro p o r t io n a l  to  dose 
a d m in is te re d . A p e r io d  o f  13 weeks was needed fo r  hamsters to re g a in  
f e r t i l i t y  when they were t re a te d  w ith  gossypol a t  15 mg per Kg o f  body
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w eight per day.
L ib id o  in  r a t s ,  measured as the  inc idence  o f  successfu l m ating ,  
was not s i g n i f i c a n t l y  a f fe c te d  by gossypol trea tm ent ( 2 4 ) .  However, 
r a t s  became i n f e r t i l e  a f t e r  4 weeks o f  gossypol trea tm en t a t  15 mg per 
kg o f  body weight per day. S ix  weeks recovery  tim e was needed to  
r e s to r e  f e r t i l i t y  in  r a t s .  F e r t i l i t y  was a lso  s e v e re ly  a f fe c te d  in  male 
r a t s  fe d  d e fa t te d  whole cottonseed f lo u r  ( 7 1 ) .  The f e r t i l i t y  r a t e  in  
males fed  d e fa t te d  whole cottonseed f l o u r  was 66.6%  compared to the  
average o f  5.5'/. in  those fe d  stock d ie t ( P u r in a  Chow). These r e s u l t s  
suggested th a t  the  a n t i f e r t i l i t y  e f f e c t  o f  whole cottonseed f l o u r  was 
s im i la r  to  a d m in is t ra t io n  o f  pure gossypol. The e f f e c t  o f  whole 
cottonseed f l o u r  was r e v e r s ib le  6 weeks a f t e r  whole cottonseed f lo u r  
removal from the  d i e t .  The len g th  o f  recovery  time seems to  be in  
d i r e c t  r e la t io n s h ip  to the  amount o f  gossypol absorbed. Food in ta k e  o f  
the  r a t s  a lso  decreased as the  amount o f  whole cottonseed f l o u r  
increased in  the  d i e t .
E. U l t r a s t r u c t u r a l  e f f e c t s  o f  oossypol on mammalian spermatozoa
A f t e r  30 days o f  gossypol t re a tm e n t (30 mg/kg o f  body w e ig h t ) /d a y )  
in  r a t s ,  a gap on the  spermatozoal t a i l  was i d e n t i f i e d  by e le c t r o n  
microscopy as a missing segment o f  the  m ito c h o d r ia l  h e l ix  im m ediate ly  
above the  annulus ( 5 1 ) .  The most common le s io n  seen in  cauda epididym al  
spermatozoa was a b u lg in g  o f  the  cytoplasm a t  the  le v e l  o f  the  gap, 
u s u a l ly  assoc ia ted  w ith  e v a g in a t io n  o f  a x ia l  f i b e r s .  F ib e rs  were 
f r e q u e n t ly  found between the  m ito c h o n d ria l  sheath and plasmalemma. The
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t a i l s  were o f te n  bent and broken a t  the  le v e l  o f  the  gap. D ecap ita ted  
sperm c e l l s  were very  fre q u e n t  and the number o f  sw o llen  and 
d is in te g r a te d  m itochondria  was a lso  inc reased . In  monkeys* gossypol a t  
5 mg per kg o f  body weight per day fo r  E4 weeks induced a l t e r a t i o n s  in  
the  a x ia l  f i la m e n t  complex and d is ru p t io n s  o f  the  r a d ia l  l in k s  ( 6 5 ) .  A 
higher dose o f  gossypol a c e t ic  a c id (1 0  mg/kg o f  body w e ig h t /d a y )  
re s u l te d  in  m ito c h o n d ria l  changes* plasma membrane changes* and t o t a l  
d is ru p t io n  o f  a x ia l  f i la m e n t  i n t e g r i t y  and o f te n  invo lved  sperm 
d e s t r u c t io n .
CHAPTER I I
EXTRACTION AND HISH-PERFORMANCE LIQUID CHROMATOGRAPHY 
OF GOSSYPOL IN BOVINE PLASMA AND TISSUES
ABSTRACT
A method fo r  e x t r a c t io n  and a n a ly s is  o f  gossypol in  bovine plasma 
and t is s u e  by h igh-perform ance l iq u id  chromatography using u l t r a v i o l e t  
d e te c t io n  is  d e sc r ib e d . A 3 day o ld  Guernsey b u l l  c a l f  was used to  
examine the  p re c is io n  o f  th e  gossypol assay as measured by the  
c o e f f i c ie n t  o f  v a r ia t io n  and r e p e a t a b i l i t y  o f  gossypol c o n c e n tra t io n  
amount a l iq u o ts  o f  plasma samples nested w i th in  t im e . A s in g le  dose o f  
gossypol a c e t ic  ac id  o f  5 mg per kg o f  body weight was o r a l l y  
adm in is tered  to the  b u l l  c a l f  a t  0900 h. Blood samples were c o l le c te d  
in  10 ml h e p a r in ize d  v ac c u ta in e r  by ju g u la r  puncture a t  0 h p r io r  to  
t rea tm en t and a t  E h in t e r v a ls  during  the f i r s t  IE h and £4 h in t e r v a ls  
fo r  96 h post a d m in is t r a t io n .  Blood samples were c e n t r i fu g e d  a t  800 x 
g fo r  EO min and plasma t r a n s fe r r e d  to  a 30 ml p l a s t i c  v i a l s  and stored  
a t  -  E0#C. Plasma samples were e x t ra c te d  and analyzed f o r  gossypol in  
t r i p l i c a t e d  f o r  each b leed in g  t im e . L iv e r ,  sp leen , k id n ey , t e s t i s ,  
h e a r t ,  diaphragm muscle, and lung t is s u e  samples o f  a y e a r l in g  
H o ls te in  b u l l  were used to a s c e r ta in  whether gossypol can be e x tra c te d  
and measured in  bovine t is s u e .  Recovery o f  gossypol in  spiked plasma 
and t is s u e  samples was c a lc u la te d  to e v a lu a te  the  e x t r a c t io n  method.
R esu lts  in d ic a te d  th a t  the  b u l l  c a l f  absorbed gossypol a f t e r  a 
s in g le  o ra l  dose. Maximum le v e l  o f  plasma gossypo l( 5 .5  ug /m l) was
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observed a t  6 hours p o s t - t re a tm e n t .  Plasma gossypol was d e te c te d (0 .1 6 5  
ug/m l) 108 h a f t e r  t re a tm e n t .  C o e f f ic ie n t  o f  v a r ia t io n  and 
r e p e a t a b i l i t y  e s t im a te s  f o r  a l iq u o t s  w i th in  tim e were 6.66*/. and 92.6*/.j 
r e s p e c t iv e ly .  Gossypol was d e tected  in  spiked t is s u e  samples from  
y e a r l in g  H o ls te in  b u l l s .  Average gossypol recovery  from plasma and 
t is s u e  samples spiked b e fo re  e x t r a c t io n  was 88 .2 /.  and 82.9%» 
r e s p e c t iv e ly .  E x t ra c t io n  and h igh-perform ance l iq u id  chromatography 
methods were adequate and s e n s i t iv e  to  measured gossypol in  bovine  
plasma and t is s u e s .
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INTRODUCTION
Gossypol is  the  predominant pigment p resen t in  c o tto n  p la n ts  (1 6 ) .
I t  is  conta ined almost e x c lu s iv e ly  w i th in  the  pigment glands (1 7 ) .  
D e f ic ie n c ie s  in  the  p ro te in  q u a l i t y  o f  cottonseed meal products  are  due 
in  p a r t  to gossypol le v e ls  ( 1 6 ) .  Toxic e f f e c t s  o f  gossypol have l im i te d  
the  use o f  cottonseed products  in  monogastrics and young rum inants , but 
not in  mature ruminant anim als  (1 ,  3 ,  E9> 4 0 ) .
F e r t i l i t y ,  b io c h em ic a l,  and p h y s io lo g ic a l  e f f e c t s  o f  gossypol have 
been re p o r te d .  O ral a d m in is t ra t io n  o f  gossypol a c e t ic  ac id  to  male r a ts  
a t  a dose le v e l  o f  15-40 mg per Kg o f  body weight f o r  2 -4  weeks induced 
i n f e r t i l i t y  (6 9 ,  7 1 ) .  Gossypol a c ts  as an uncoupler o f  the  m ito ch o n d ria l  
r e s p i r a to r y  chain  and o x id a t iv e  pho sp h o ry la t io n  (1 ,  3 ) .  I t  a lso  
i n t e r f e r e s  w ith  normal amino a c id ,  p r o t e in ,  and iro n  metabolism ( 1 ) .
Spectrophotom etric  methods have been developed to determ ine gossypol 
in  cottonseed meal, mixed fe e d s ,  and swine t is s u e s  (B, 10, 11, 54 , 5 5 ) .  
The p r in c ip le  o f  these assays c o n s is t  o f  the  r e a c t io n  o f  gossypol w ith  
a n i l i n e  to form d i a n i 1inogossypol (1 6 ,  1 7 ) .  These methods a re  not 
s p e c i f ic  fo r  gossypol s in ce  gossypol and o th er r e la te d  pigments (gossy-  
c a e r u l in ,  d iam inogossypol, and gossypurpurin ) re a c t  w ith  a n i l i n e  to  form 
d i a n i 1inogossypol ( 1 6 ) .  Paper, t h i n - l a y e r ,  and g a s - l iq u id  chromatogra­
phic  techniques have been developed to  ana lyze  gossypol ( 3 ,  5 5 ,  6 3 ) .
Such procedures e i t h e r  lack  s e n s i t i v i t y  or re q u i re  p r io r  fo rm a tio n  o f  
a gossypol d e r iv a t iv e  ( 4 9 ) .  Nomeir and Abou-Donia (49 ) found 
spectrophotom etric  methods exaggerated the  amount o f  gossypol 
in  co ttonseed , stem, and ro o t  when compared to a h igh-perform ance
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l iq u id  chromatography(HPLC) method. R e c e n t ly ,  HPLC procedures have 
been described fo r  d e te c t io n  o f  gossypol in  cottonseed and r a t  plasma 
(4 ,  6 1 ) .
Several in v e s t ig a to r s  (3 5 ,  43) have m odified  the  spectrophoto  
m etr ic  t is s u e  gossypol assay f o r  d e te c t io n  o f  gossypol in  plasma, but 
d e t a i l s  o f  the  m o d if ic a t io n  have not been p u b lish e d . T h e re fo re ,  the  
o b je c t iv e  o f  t h is  study is  to  d escr ib e  a s p e c i f i c ,  a c c u ra te ,  and 
s e n s i t iv e  method fo r  q u a n t i t a t i v e  and q u a l i t a t i v e  a n a ly s is  o f  gossypol 
in  bovine plasma and t is s u e  using a u l t r a v i o l e t  d e te c to r .  A procedure  
f o r  gossypol e x t r a c t io n  from plasma and t is s u e s  is  a lso  re p o r te d .
MATERIAL AND METHODS
Reagents, s o lv e n ts ,  and standards
Gossypol a c e t ic  ac id  was obta ined  from USDA Southern Regional 
Research C e n te r ,  New O rlean s , La . Methanol(HPLC grade) was obta ined  
from EM Science(C herry  H i l l ,  N J ) .  E t h e r ( U .S .P . , f r e e  o f  p e ro x id e )  was 
obta ined from J .  T. Barker Chem ical(Phi 11ip s b u rg , N J ).  B iphenyl was 
purchased from A ld r ic h  Chemical C o .(M ilw aukee , W i) .  Phosphoric ac id  was 
obta ined  from M a l l in c k r o d t ,  In c .  (Ed ison, N J ).  Standard gossypol 
(100 ug /m l) was prepared by d is s o lv in g  10 mg o f  gossypol a c e t ic  ac id  in  
100 ml methanol.
Animals and d ie t
Gossypol dose was prepared by d is s o lv in g  gossypol a c e t ic  ac id  in  warm 
corn o i l ( 3 7 ° C )  s t i r r e d  fo r  30 min p r io r  to dose. A c o n tro l  blood sample
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was obta ined  from a 3 day o ld  Guernsey b u l l  c a l f .  Colostrum was fed  a t  
0500 h and 1700 h. A s in g le  gossypol dose o f  5 mg per Kg o f  body weight 
was o r a l l y  ad m in is te red  to  the  b u l l  c a l f  a t  0900 h . Blood samples were 
c o l le c te d  in  10 ml h e p a r in iz e d  v a c c u ta in e r  by ju g u la r  puncture  a t  S h 
in t e r v a l  during  the  f i r s t  IS  h and a t  S4 h in t e r v a ls  f o r  96 h post 
a d m in is t r a t io n .  Blood samples were c e n tr i fu g e d  a t  800 x g f o r  SO min. 
Plasma was t r a n s fe r r e d  to  a 30 ml p l a s t i c  v ia ls *  s to red  a t  -E0°C and 
thawed a t  room tem peratu re  p r io r  to a n a ly s is .  A year 1ing H o ls te in  b u l l  
was fed  a corn s ila g e -s o y b e a n  meal c o n ce n tra te  r a t io n  a t  a 8 8 : IS r a t i o  
on dry  m atte r  b a s is .  T issue samples from l i v e r ,  s p lee n , k id n ey , t e s t i s ,  
h e a r t ,  diaphragm muscle, and lung were c o l le c te d  from th e  y e a r l in g  b u l l  
and s to red  im m ediate ly  a t  -S 0°C .
E x t r a c t io n  o f  oossvpol from plasma and t is s u e  samples
Plasma samples were e x t ra c te d  in  t r i p l i c a t e  fo r  each b le ed in g  t im e .  
For e x t r a c t io n  o f  gossypol, 1 ml o f  plasma was added to  3 ml o f  abso lu te  
methanol, to  p r e c i p i t a t e  p r o t e in ,  in  a 15 ml c e n t r i fu g e d  tu b e . One ml o f  
e th e r  was added to d is s o lv e  f a t s  and 0 .5  ml o f  b ip h e n y l<1 u g /m l) was 
added as an in te r n a l  s ta n d ard . Samples were vortexed f o r  5 sec and 
c e n tr i fu g e d  a t  800 x g f o r  SO min. The supernatant was t r a n s fe r r e d  to a 
15 ml screw cap c u l tu r e  tube and saved fo r  i n j e c t i o n .  A f re s h  s o lu t io n  
o f  standard gossypol was prepared f o r  each assay. Plasma w ith o u t  
gossypol, plasma samples w ith  gossypol sp iked( 500 ng /m l) b e fo re  and 
a f t e r  e x t r a c t io n  and gossypol in  methanol were used as c o n t r o ls .  
E x t ra c t io n  and q u a n t i f i c a t io n  o f  gossypol in  t is s u e  were performed
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s i m i l a r l y  to t h a t  in  plasma w ith  the  exception  th a t  1 g o f  t is s u e  was 
homogenized in  3 ml o f  methanol w ith  and w ithout gossypol(400 ng/m l)  
and 1 ml o f  e th e r  was added. B iphenyl was e l im in a te d  because o f  the  
presence o f  an in t e r f e r in g  peaks in  the  t is s u e  samples. In t e r f e r in g  
peaks were not found a t  the  r e t e n t io n  tim e o f  the  gossypol peak.
Recovery o f  gossypol from plasma and t is s u e  samples were estim ated  
as fo l lo w s .  Spiked plasma gossypo l:b ipheny l ratio(SPGBR) was obta ined  
by d iv id in g  the  area  o f  the  gossypol peak by the  area  o f  the  biphenyl  
peak. Standard gossypolzbiphenyl ratio(SG BR) was found by d iv id in g  the  
area  o f  gossypol peak by th e  area o f  b iphenyl peak in  methanol.
Recovery fo r  spiked plasma samples were estim ated  by d iv id in g  SPGBR by 
SGBR. Recovery f o r  spiked t is s u e  were determined by d iv id in g  the  area  
o f  gossypol peak o f  spiked t is s u e  by the  area  o f  gossypol peak in  
m ethanol.
Instrum ent and s o lve n t  p re p a ra t io n
A l iq u id  chromatography system c o n s is t in g  o f  a M6000A pump, U6-K 
u n iv e rs a l  i n je c t io n  system w ith  a 100 u l  loop, 3 .9  mm X 30 cm re v e rs e -  
phase uBondapak C18 column (Waters A ssociates* M i l l f o r d ,  MA), S p ec tro -  
monitor I I I  U l t r a v i o l e t  D e te c to r (L a b o ra to ry  Data C o n tro l ,  R iv ie r a  Beach, 
F L ) ,  and a s t r i p  c h a r t  recorder< Kipp and Zonen, Thomas S c i e n t i f i c ,  
Swedesboro, NJ) was used.
S o lvents  were f i l t e r e d  through m i l l i p o r e  membrane f i l t e r s ,  type HA or 
FH, pore s iz e  0 .4 5  um(Mi11ip o re ,  Bedford , MA) and degassed under vacuum 
p r io r  to use. The mobile  phase used in  the  is o c r a t ic  e lu t io n  consisted
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o f  0.13*/. phosphoric a c id  in  methanol and d i s t i l l e d  w a te r ( 8 5 : 1 5 ) .  Solvent  
and plasma samples were in je c te d  in  d u p l ic a te  in  100 Hi volumes and 
e lu te d  from the  column i s o c r a t i c a l l y  w ith  the  mobile  phase a t  a f lo w  
r a t e  o f  3 and 2 ml per min f o r  plasma and t is s u e  samples. Spectrom onitor  
I I I  wavelength was s e t  a t  254 nm and the  s e n s i t i v i t y  was s e t  to 0 .0 0 5  
absorbance u n i ts  equal to  f u l l  s c a le .  S ignal output and speed o f  the  
c h a r t  reco rd er was se t a t  10 mv and 0 .5  cm per min. Gossypol was 
detected  by reco rd in g  u l t r a v i o l e t  absorbance o f  the  column e lu a t e .  The 
l i m i t  o f  d e te c t io n  o f  the  gossypol assay was estim ated  a t  the  p o in t  
where the  h e ig h t  o f  gossypol peak was th re e  times the  b a s e l in e  n o is e .  A 
standard curve was obta ined  by a n a ly z in g  s ix  c o n ce n tra t io n s  o f  gossypol 
added to plasma e x t r a c ts  and reg ress in g  the  gossypol c o n c e n tra t io n  
a g a in s t the  peak area r a t i o  o f  gossypol and b ip h e n y l .
S t a t i s t i c a l  a n a ly s is
The e f f e c t  o f  time o f  blood c o l le c t io n  and a l iq u o t  w i th in  tim e on 
plasma gossypol c o n c e n tra t io n  a f t e r  o r a l  a d m in is t ra t io n  o f  gossypol was 
analyzed by using u n iv a r ia t e  a n a ly s is  techniques ( 7 2 ) .  The fo l lo w in g  
model was used f o r  d a ta  a n a ly s is :
Y. = F + t .  + r ( t ) . . + e . ..i j k  l  i j  i j k
wherei
F= o v e r a l l  mean,
t . =  e f f e c t  o f  i t h  t im e ,l
r ( t ) . . =  e f f e c t  o f  j t h  a l iq u o t  nested w i th in  i t h  
 ̂J
t im e ,
IB
e . .. = re s id u a l  e f f e c t  o f  k th machine i n je c t io n  nested  
i j k
w ith in  j t h  a l iq u o t  and i t h  tim e and random r e s id u a l .
The e r r o r  mean squares used f o r  tim e and a l iq u o t ( t im e )  F te s ts
were a l i q u o t ( t im e) and r e s i d u a l , r e s p e c t iv e ly .  V ariance component
es t im a tes  fo r  a l i q u o t ( t im e) and re s id u a l  was obta ined by using the
var ia n ce  component e s t im a t io n  procedure(Proc varcomp) in  SAS (7 E ) .
R e p e a t a b i l i ty (R )  o f  the  a l iq u o t s  w i th in  tim e fo r  gossypol c o n c e n tra t io n
in  plasma was estim ated  as fo l lo w s :
R= 100 X VAR . . .  /  VAR + VAR ., .r ( t )  e r ( t )
where»
VARp ^ j =  v a r ia n c e  component o f  a l i q u o t ( t i m e ) ,
VARg= re s id u a l  v a r ia n c e  component o f  machine in je c t io n  
nested w i th in  a l iq u o t  and tim e* and random 
r e s i d u a l .
C o e f f ic ie n t s  o f  v a r ia t io n  f o r  a l iq u o t s  and in je c t io n  were a lso  
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e s t im a te d . P a r t i a l  R f o r  t im e* a l i q u o t ( t im e) and re s id u a l  were 
estim ated  from s e q u e n t ia l  sum o f  squares . Exponentia l re g res s io n  
equation  fo r  plasma gossypol c o n c e n tra t io n  o f  the  Guernsey b u l l  c a l f  was 
estim ated  by perform ing i t e r a t i v e  n o n - l in e a r  le a s t  squares re g res s io n  
a n a ly s is  <64).
RESULTS AND DISCUSSION
Plasma and t is s u e  gossypol chromatograms
Chromatograms o f  gossypo1-methanol standard» b lank plasma e x t r a c t ,
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spiked plasma e x t r a c t *  and b u l l  c a l f  plasma e x t r a c t  a re  shown in  
F ig u re  1. R e te n t io n  t im e o f  the  gossypol peak fo r  gossypol-methanol 
s tandard* spiked plasma e x t r a c t ,  and b u l l  c a l f  plasma e x t r a c t  was 4 min. 
No peak was observed in  the  blank plasma e x t r a c t  a t  r e t e n t io n  tim e o f  4 
min.
Gossypol-methanol s tandard* b lank lung e x t r a c t ,  and spiked lung 
e x t r a c t  chromatograms a re  shown in  F ig u re  2 .  R e te n t io n  t im e o f  the  
gossypol peak f o r  gossypol-methanol standard and spiked lung e x t r a c t  was 
5 .8  min. Gossypol peak was not found in  b lank lung e x t r a c t .  S im i la r  
chromatograms were observed fo r  l i v e r ,  spleen* k id ney , t e s t i s ,  h e a r t ,  
and diaphragm muscle. L iv e r  chromatograms showed the  la r g e s t  number o f  
contaminant peaks, but none o f  them in te r fe r e d  w ith  gossypol d e te c t io n .  
Sample p re p a ra t io n  techniques can be f u r t h e r  developed to e l im in a te  some 
o f  the  contaminant peaks p resen t in  l i v e r  samples.
L i n e a r i t y ,  s e n s i t i v i t y ,  p r e c is io n ,  and recovery
A l in e a r  re g re s s io n  l i n e  was obta ined by reg ress in g  the
c o n c e n tra t io n  o f  gossypol in  plasma a g a in s t  the  peak area  r a t i o  o f
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gossypol and b iphenyl (F ig u re  3 ) .  C o e f f ic ie n t  o f  d e t e r m in a t io n ^  ) fo r  
the  l in e a r  re g res s io n  l i n e  was 0 .9 9 .  For spiked t is s u e  samples, the  area  
o f  gossypol peak in  methanol was regressed a g a in s t  the  c o n c e n tra t io n  o f  
gossypol in  t is s u e  e x t r a c t .  Minimum d e te c ta b le  c o n c e n tra t io n  o f  
gossypol in  plasma was 20 n g /m l.  Recovery e s t im a te s  f o r  plasma and 
t is s u e  spiked b e fo re  e x t r a c t io n  were 88.2% and 82.9*/.. Plasma and 
t is s u e  samples spiked a f t e r  e x t r a c t io n  had re c o v e r ie s  o f  110.2*/. and
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F ig u re  1. HPLC chromatograms o f  gossypol-methanol s ta n d a rd (A )» 200 
ng/m l; blank plasma e x t r a c t ( B ) ,  sp iked plasma e x t r a c t ( C ) ,  
200 ng/m l; and b u l l  c a l f  plasma e x t r a c t ( D ) ,  showing 
b ip h e n y l (B i)  and 1 .7 9  ug/ml o f  gossypol(G) peaks a t  2 and 
4 min r e t e n t io n  t im e s .  Gossypol was analyzed on a 3 .9  mm x 
30 cm reverse-p h ase  HBondapak C1Q column, f lo w  r a t e  o f1 D
3 m l/m in , m obile  phase c o n s is t in g  o f  0.13*/. phosphoric ac id  



















F ig u re  2 .  HPLC chromatograms o f  gossypol-methanol s ta n d a rd (A ) ,  400 
ng/m l; b lank lung e x t r a c t ( B ) ,  and spiked lung e x t r a c t ( C ) ,
400 ng/ml showing gossypol(G) peak a t  5 .8  min r e t e n t io n  t im e .  
Gossypol was analyzed on a 3 .9  mm x 30 cm reverse-p hase  
FBondapak C^g column, f lo w  r a t e  o f  2 m l/m in , m obile  phase 
c o n s is t in g  o f  0.137. phosphoric ac id  in  methanol d i s t i l l e d  
w a te r (8 5 :1 5 )  and UV d e te c to r  s e t  a t  254 nm.
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F ig u re  3 .  Standard curve o f  plasma gossypol(G) c o n ce n tra t io n < H g /m l) 





















[G] =14.6+882. 4*G: Bi AREA RATIO
100-
50-
.05 .1 .15 .2 .25 .3
GOSSYPOL AREA: BIPHENYL AREA RATIO
.35 .450 .500
26
106.6*/.. A s im i la r  recovery  (84.2*/.) was obta ined  w ith  the  HPLC plasma 
gossypol assay in  the  r a t  ( 6 1 ) ,  a lthough the  e x t r a c t io n  procedure was 
q u i te  d i f f e r e n t .  The e x t r a c t io n  method o f  gossypol described  in  t h is  
paper invo lved  fewer steps and reagents  to  o b ta in  adequate gossypol 
recovery  compared to the  e x t r a c t io n  method p re v io u s ly  p u b lic a te d  (6 1 ) .  
The recovery  o f  samples spiked b e fo re  e x t r a c t io n  d i f f e r e d  from samples 
spiked a f t e r  e x t r a c t io n .  Thus* gossypol should be added to plasma and 
t is s u e  samples b e fo re  e x t r a c t io n  in  order to  have an adequate e v a lu a t io n  
o f  the  e x t r a c t io n  method.
Plasma gossypol in  the  b u l l  c a l f
R es u lts  o f  the  a n a ly s is  o f  v a r ia n c e  in d ic a te d  th a t  plasma gossypol
c o n c e n tra t io n  v a r ie d  across tim e o f  blood c o l le c t io n ( T a b le  1 ) .  A l iq u o t
( t im e )  was s ig n i f i c a n t l y  d i f f e r e n t .  Absorption* d i s t r i b u t i o n *  and
e l im in a t io n  o f  gossypol from a b u l l  c a l f  plasma a f t e r  a s in g le  o ra l
a d m in is t ra t io n  o f  gossypol a c e t ic  a c id (5  mg per Kg o f  body w e ig h t)  are
2
i l l u s t r a t e d  in  F ig u re  e* . C o e f f ic ie n t  o f  d e te rm in a t io n  (R ) fo r  the  
e xp o n en tia l  re g re s s io n  eq u at io n  was 0 .8 2 .  The h ig h es t le v e l  o f  plasma 
gossypol( 5 .5  ug /m l) was ob ta ined  a t  6 h a f t e r  gossypol a d m in is t r a t io n .  
Degradation  and e l im in a t io n  o f  plasma gossypol from the  b u l l  c a l f  was 
slow, s in ce  gossypol was d e te c ted  in  plasma (0 .1 6 5 3  ug /m l) 108 h post 
t re a tm e n t .  The presence o f  gossypol in  bovine plasma in d ic a te s  th a t  
gossypol was absorbed from the  gut p r io r  to es tab lish m en t o f  rumen 
fu n c t io n .
The average c o e f f i c i e n t s  o f  v a r i a t i o n  f o r  a l iq u o t ( t im e )  and
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Table  1. Least squares a n a ly s is  o f  v a r ia n c e  f o r  plasma gossypol across  
t im e o f  a 3 day Guernsey b u l l  c a l f .
Sources
Mean squares
d f plasma gossypol
Time 9 2 4 .2 4 5 3 * *
A l iq u o t ( t im e ) 20 0 .0 8 8 9 * *
Residual 30 0 .0034
T o ta l 59
* *< P < .0 1 )
E8
F ig u re  4 .  Plasma gossypol co n cen tra t io n < M g /m l) a f t e r  s in g le  o ra l  
a d m in is t ra t io n  o f  gossypol a c e t ic  ac id  in  corn o i l  to a 





















re s id u a l  were 6.66% and 2.06%. P a r t i a l  R in d ic a te d  th a t  98.86% o f  the  
v a r ia t io n  o f  plasma gossypol le v e l  was r e la te d  to tim e o f  blood  
c o l le c t io n .  Technique and machine e r r o r  was represented  by a l iq u o t ( t im e )  
and re s id u a l  which exp la in ed  1.05% and 0.08% o f  the  t o t a l  v a r i a t io n  o f  
plasma gossypol. V ariance  component e s t im a tes  fo r  a l iq u o t ( t im e )  and 
re s id u a l  were 0 .04279  and 0 .0 0 3 4 .  R e p e a t a b i l i t y  e s t im a te  o f  gossypol 
c o n c e n tra t io n  in  plasma fo r  a l iq u o t  w i th in  c o l le c t io n  tim e was 92.6%. 
R e p e a t a b i l i t y  in d ic a te d  th a t  the  numbers o f  a l iq u o ts  and in je c t io n s  
per sample can be minimized in  order to  have an accura te  e s t im a te  o f  
gossypol c o n c e n tra t io n  in  plasma samples. S ep ara tio n  o f  chemical 
compounds is  the  prim ary  a n a ly t ic a l  d i f f e r e n c e  between the  HPLC and 
spectrophotom etric  methods f o r  a n a ly s is  o f  gossypol. HPLC separa tes  the  
compounds th a t  absorb a t  254 nm» each compound having a unique r e te n t io n  
t im e . Abou-Donia e t  a l  (4 )  in d ic a te d  th a t  the  HPLC method was 2500 
t im es more s e n s it iv e >  s p e c i f ic  fo r  gossypo l> and can be used fo r  both 
q u a l i t a t i v e  and q u a n t i t a t i v e  a n a ly s is  o f  gossypol. The 
spectrophotom etric  method does not d is t in g u is h  between gossypol and 
some c lo s e ly  r e la t e d  m e ta b o li te s  or cottonseed pigments (4 )  and 
gossypol-amino a c id  or p e p t id e  complexes (22 ) as w e l l .
The e x t r a c t io n  methods re p o rte d  h e re in  can removed the  f r e e  
gossypol and the  hydrogen or e l e c t r o s t a t i c  bound gossypol p resen t in  
plasma and t is s u e  samples. Tanksley e t  a l  (75 ) demonstrated th a t  a t  
le a s t  p a r t  o f  the  in h ib i t o r y  e f f e c t  o f  gossypol on t r y p s in  and muscle 
a ld o la s e  a c t i v i t y  d id  not in v o lv e  a co va len t type bond. By b locking  
the carbonyl or hydroxyl groups o f  gossypo l , Tanksley e t  a l  (75 ) showed
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th a t  th e  hydroxyl groups a re  e s s e n t ia l  f o r  the  i n h ib i t o r y  e f f e c t  o f  
gossypol in  enzyme a c t i v i t y  . The hydroxyl groups o f  gossypol can 
p a r t i c i p a t e  in  hydrogen bonding in  t h e i r  un ion ized  form or i f  io n ized  in  
e le c t r o s t a t i c  bonding w ith  p r o te in  ( 7 5 ) .
The e x t r a c t io n  and HPLC methods described  in  t h i s  paper were 
adequate and s e n s i t iv e  to  measure gossypol in  bovine plasma and t is s u e .  
F u r th e r  research  is  needed to e s ta b l is h  whether in te rm e d ia te  m e ta b o li te s  
o f  gossypol can be e x t ra c te d  from plasma or t is s u e  and q u a n t i f ie d  by 
HPLC.
CHAPTER I I I
EFFECT OF FEEDING DIRECT SOLVENT-EXTRACTED COTTONSEED 
MEAL TO YEARLING HOLSTEIN BULLS ON GROWTH RATE 
CHARACTERISTICS
ABSTRACT
Four and f i v e  y e a r l in g  H o ls te in  b u l ls  were assigned to  d i r e c t  
s o lv e n t -e x t r a c te d  cottonseed meal c o n ta in in g  gossypol and soybean meal 
r a t io n s  to examine the  e f f e c t  o f  gossypol in ta k e  on growth r a t e  
c h a r a c t e r is t i c s .  In  T r i a l  1, c o n tro l  b u l ls  were fed  corn s i la g e  
-soybean meal co n ce n tra te  r a t io n  a t  a r a t i o  o f  88 :12  on a dry  m atter  
bas is *  w h ile  gossypol t re a te d  b u l ls  were fed  corn s i la g e -c o tto n s e e d  meal 
c o n c e n tra te (B 8 :12) f o r  60 days. In  T r i a l  2* c o n tro l  b u l ls  were fed  the  
same soybean meal r a t io n  as in  T r i a l  1. Gossypol t re a te d  b u l ls  
were fed  a corn s i la g e -c o t to n s e e d  meal r a t io n  a t  a r a t i o  o f  50 :50  on a 
dry m atte r  b a s is  fo r  A2 days. B u l ls  were fed  cottonseed meal 
co n cen tra te  to p ro v id e  an average d a i ly  gossypol in ta k e  o f  6 and 30 mg 
per kg o f  body weight in  T r i a l s  1 and 2 .  S c ro ta l  c ircu m feren ce , w ith e r  
h e ig h t ,  body le n g th ,  h e a r t  g i r t h ,  and body weight were measured.
Samples o f  feeds and t is s u e s  were c o l le c te d  f o r  gossypol a n a ly s is .
Cottonseed meal c o n ce n tra te  had 3 03 3 .6 6 ± 0 .2 5  mg gossypol per kg 
o f  dry  m a tte r .  No gossypol was found in  l i v e r ,  sp leen , lung, h e a r t ,  
t e s t i s ,  k id ney , and diaphragm muscle t is s u e  samples. R esu lts  o f  
T r i a l s  1 and 2 in d ic a te d  th a t  feed in g  d i r e c t  s o lv e n t -e x t ra c te d  
cottonseed meal d id  not a f f e c t  body w e ig h t ,  body le n g th ,  w ith e r  h e ig h t ,
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or s c r o ta l  c ircum ference  o f  y e a r l in g  H o ls te in  b u l ls  d e s p i te  the  high  
d a i ly  in ta k e  o f  gossypol. H eart  g i r t h  was in f lu en ced  by r a t io n  in  T r i a l s  
1 and S. No c l i n i c a l  s igns o f  gossypol t o x i c i t y  were observed in  b u l ls  
fed  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed meal.
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INTRODUCTION
Whole co tto n seed , screw p ress , and d i r e c t  s o lv e n t -e x t ra c te d  
cottonseed meal c o n ta in in g  gossypol have been fed  to young and mature  
d a iry  c a t t l e .  Anderson e t  a l  (12 ) re p o rte d  th a t  feed in ta k e ,  body 
w eig h t ,  th ickn ess  o f  rumen e p i th e l iu m ,  and p a p i l l a e  per square  
c en t im e te r  were g re a te r  a t  12 weeks o f  age fo r  young H o ls te in  d a iry  
c a lves  a f t e r  fe e d in g  co n ce n tra te  c o n ta in in g  25'/. whole co ttonseed . No 
gossypol t o x i c i t y  was re p o r te d .  Plasma or t is s u e  samples were not 
c o l le c te d  fo r  gossypol a n a ly s is .  Kuhlman e t  a l  (39 ) re p o rte d  th a t  27 o f  
28 young ca lv e s  d ied 33 to  73 days a f t e r  being fed  cottonseed meal mixed 
in  m i lk .  Rogers e t  a l  (58 ) found th a t  10 o f  16 young H o ls te in  c a lves  
died  6 weeks a f t e r  feed in g  a l i q u id  feed  c o n ta in in g  43'/. cottonseed meal 
and 57% m ilk  powder. Common c l i n i c a l  s igns o f  gossypol t o x i c i t y  were 
dyspnea, a n o re x ia ,  weakness, l i s t le s s n e s s ,  and death a f t e r  severa l  
days ( 5 8 ) .
Coppock e t  a l  (27 ) found no evidence o f  gossypol t o x i c i t y  in  
l a c t a t in g  d a i r y  cows when fe d  ad l ib i t u m  complete r a t io n s  o f  15 and 
30 */. whole co ttonseed . T h ir te e n  blood m e ta b o li te s  were normal in  cows 
fed  whole co tto n seed . E ther e x t r a c t ,  crude p r o te in  and calc ium  
d i g e s t i b i l i t y  increased w ith  cottonseed in  the  d ie t  ( 2 7 ) .  No data  o f  
gossypol a n a ly s is  in  blood or t is s u e  were p resen ted .
Lindsey (42 ) found a s ig n i f i c a n t  c o n ce n tra t io n s  o f  gossypol in  
serum and h e p a t ic  t is s u e  from cows fe d  screw press or s o lv e n t -e x t ra c te d  
cottonseed meal. T o ta l  m ilk  p ro d u c tio n , p ercen t m ilk  f a t ,  and t o t a l  
s o l id s  in  m ilk  were not a f fe c te d  in  cows consuming the  cottonseed meal
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r a t io n s .  Mean corpuscu lar f r a g i l i t y  was g re a te r  in  cows fe d  screw-press  
or s o lve n t e x t ra c te d  cottonseed meal ( 4 3 ) .  Packed c e l l  volume was not 
a f fe c te d  by the  r a t io n s  ( 4 2 ) .  S im i la r  r e s u l t s  were re p o rte d  by 
Hawkins e t  a l  (35 ) a f t e r  fe ed in g  whole g in - ru n  cottonseed to d a i ry  cows. 
Gossypol was found in  l i v e r  and plasma samples. E ry th ro c y te  
f r a g i l i t y  was g re a te r  in  cows fed  whole g in - ru n  co ttonseed . These 
r e p o r ts  (3 5 ,  42) in d ic a te d  th a t  some gossypol escaped rumen degradation  
and was absorbed in  the  sm all i n t e s t in e .
Th is  study was undertaken to  e v a lu a te  the  e f f e c t  o f  feed in g  
s o lv e n t -e x t r a c te d  cottonseed meal c o n ta in in g  gossypol on growth r a t e  
c h a r a c t e r is t ic s  o f  y e a r l in g  H o ls te in  b u l l s .
MATERIAL AND METHODS
Animals, r a t io n s i  and fe e d in g  schedule
Nine y e a r l in g  H o ls te in  b u l l s ( 10-12 months o f  age, 250 -450  kg) 
were housed in  in d iv id u a l  pens w i th in  a barn . Water was a v a i la b le  f r e e  
choice  from an autom atic  d r in k in g  cups. The h e a lth  o f  the  b u l ls  was 
monitored d a i l y .  Assignment o f  b u l ls  to  soybean m e a l (c o n t r o l ) and 
cottonseed meal r a t io n s  based on P r e - t r i a l  semen q u a l i t y  c h a r a c t e r is t ic s  
was done as described  in  Chapter IV(Page 5 6 ) .
Experim ental con cen tra tes  (T ab le  2 )  were form ula ted  to  c o n ta in  
adequate energy, crude p r o t e in ,  f i b e r ,  ca lc ium , phosphorus, and v itam in s  
A and D f o r  g a in  and maintenance. B u l ls  were fed  in d iv id u a l l y  to meet 
the  N a t io n a l Research Council (NRC) d a i ly  n u t r ie n t  requ irem ents  (48)  
w ith  corn s i la g e -c o n c e n tra te  r a t io n s .
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Tab le  2 .  In g re d ie n ts  o f  exp erim en ta l c o n ce n tra te s .
In g re d ie n ts
C oncentra te3
SBM CSM
Cottonseed meal ( IF N C 5 -0 1 -6 2 1 ) 0 .0 7 7 .7
Soybean meal ( IFN  5 -0 4 -6 0 4 ) 7 5 .7 0 .0
Corn, ground (IFN  4 -2 1 -0 1 8 ) 6 .6 5 .9
Molasses ( IFN  4 -0 4 -6 9 6 ) 5 .8 5 .3
D icalc ium  phosphate ( IFN  6 -0 1 -0 8 0 ) 2 .1 1 .9
Limestone ( IF N  6 -0 2 -6 3 2 ) 6 .8 6 .2
S a l t 1 .0 1 .0
V ita m in -m in e ra l  premix*3 2 .0 2 .0
a SBM -  soybean meal and CSM -  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed  
m eal.
k Provided the  fo l lo w in g  amounts: manganese* 7 6 .5 9  PPM; z in c ,
4 9 .1 8  PPM; i r o n ,  109 .36  PPM; copper, 13 .68  PPM; io d in e ,  2 .7 3  PPM; 
c o b a l t ,  0 .0 9  PPM; selen ium , 0 .0 4  PPM; v ita m in  A, 5 46 9 .27  IU /k g ;  
v ita m in  D3, 364 .64  IU /k g ;  and v ita m in  E, 4 .3 6  IU /k g .  
c In te r n a t io n a l  feed number.
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During the  60 days P r e - t r i a l  p e r io d *  a l l  b u l ls  were fed  corn  
s ilag e -so yb ean  meal c o n ce n tra te  r a t io n  a t  a r a t i o  o f  8 8 : IE  on a dry  
m atter b a s is .  At the  beginning o f  p r e - t r i a l *  dry  m atte r  in ta k e  was set  
to 1.954 o f  body w e ig h t .  Dry m atte r  in ta k e  was increased every  week a t  a 
r a t e  o f  0 .3 6  kg f o r  a l l  b u l l s .  During T r i a l  1* c o n tro l  bulls(SBM ) were 
fed  the  corn s i lag e -so yb ean  meal r a t io n  (8 8 :1 8 ) *  w h i le  b u l l s  in  the  
cottonseed meal group(CSM) were fed  the  corn s i la g e -c o t to n s e e d  meal 
r a t i o n ( 8 8 : 12) f o r  a p e r io d  o f  60 days. Dry m atte r  in ta k e  was re g u la te d  
to  ensure an average gossypol in ta k e  o f  6 .0  mg per kg o f  body weight fo r  
b u l ls  on the  cottonseed meal r a t io n  w ith o u t s a c r i f i c i n g  adequate in ta ke  
o f  o th e r  n u t r i e n t s .  Corn s i la g e  was o f fe r e d  tw ice  a day* w h i le  soybean 
meal and cottonseed meal was fed  once a day. In  T r i a l  2* c o n tro l  b u l ls  
were fed  tw ice  d a i l y  the  same soybean meal r a t io n  as in  T r i a l  1.
Gossypol t re a te d  b u l ls  were fed  a corn s i la g e -c o t to n s e e d  meal 
c o n cen tra te  r a t io n  tw ice  d a i l y  a t  a r a t i o  o f  50 :50  on a dry  m atte r  bas is  
f o r  42 days. Cottonseed meal was increased to  p ro v id e  an average  
gossypol in ta k e  o f  30 mg per kg o f  body w e ig h t .  Dry m atte r  in ta k e  was 
a lso  increased a t  a r a t e  o f  0 .3 6  kg per week during  T r i a l s  1 and 2 .
Feed c o l le c t io n  and a n a ly s is
Samples o f  fo rm u la ted  con cen tra tes  and corn s i la g e  were taken  
every  week during  P r e - t r i a l  and T r i a l  p e r io d s .  C oncentrates  and corn  
s i la g e  dry m atte r  were e s t im ated  by d ry in g  samples a t  60°C fo r  3 days. 
Composite samples o f  c o n cen tra tes  and corn s i la g e  were formed from  
i n d iv id u a l ly  c o l le c te d  samples fo r  chemical a n a ly s is .  Samples were
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ground and passed through a S mm screen and dry m atter was estim ated  
a f t e r  d ry in g  a t  100°C o v e rn ig h t .  Crude p r o te in  and a c id  d e te rg en t  
f i b e r  were determined by m od ified  K je ld a h l  (13 ) and Goering and Van 
Soest (33 ) procedures. Crude f i b e r  and t o t a l  d ig e s t ib le  n u t r ie n t s  fo r  
CSM and SBM c o n cen tra tes  were es t im ated  using Pennsylvania  s t a t e  fo rag e  
te s t in g  form ulas  ( 1 5 ) .  T o ta l  d ig e s t ib le  n u tr ie n ts (T D N ) va lu e  o f  corn  
s i la g e  was e st im ated  by the  method o f  Marten e t  a l  ( 4 6 ) .  Gossypol in  
s o lv e n t -e x t r a c te d  cottonseed meal was determined by the  procedure o f  
Abou-Donia ( 4 ) .  Corn s i la g e  and soybean meal c o n ce n tra te  were analyzed  
fo r  gossypol as a c o n tro l  samples.
Average n u t r ie n t  compositions o f  feeds a re  shown in  Tab le  3 .  
Cottonseed meal co n ce n tra te  had 3 0 3 3 .5 5 ± 0 .2 5  mg o f  gossypol per kg o f  
dry m a tte r .  C oncentrates  o f  SBM and CSM had a s im i la r  crude p r o te in  
c o n te n t .  Although the  r a t io n s  were fo rm ula ted  to p ro v id e  an uniform  
le v e ls  o f  TDN> SBM co n ce n tra te  were s l i g h t l y  h igher in  TDN than the  CSM 
co n ce n tra te  (Tab le  2 ) .
Growth r a t e  c h a r a c t e r is t ic s  and t is s u e  c o l le c t i o n .
Growth r a t e  c h a r a c t e r is t ic s  inc luded s c r o ta l  c irc u m fe re n c e (S C )> 
w ith e r  height(MG)» body length  (BL) from the  w ith e rs  to  th e  t a i l  head) 
h e a r t  g i r th (H G ) )  and body weight(BW ). Each growth c h r a c t e r i s t i c  
was measured on day 0 and a t  28 day in t e r v a ls  during  T r i a l  1. B u l ls  were 
weighted on th re e  consecutive  days to o b ta in  an a cc u ra te  e s t im a te  o f  
body w e ig h t .  In  T r i a l  2> body weight was measured on day 0 and a t  14 
day in t e r v a ls .  S c ro ta l  c ircu m fe ren ce ) w ith e r  h e ig h t )  body le n g th )  and
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Tab le  3 .  Average n u t r ie n t  com positions and standard errors<±SE) fo r  
fe e d s .
Feedsb
N u t r ie n ts 3 CS SBM CSM
Dry m a t te r (*/.) 3 1 .2 3 + 0 .6 6 8 9 .1 7 1 0 .1 7 9 1 .3 9 1 0 .1 4
Acid d e te rg e n t f i b e r (*/.) 2 7 .0 3 ± 0 .7 7 1 0 .5 61 0 .22 1 4 .6 01 0 .38
Crude p r o te in  (%) 7 . 12±0.07 3 8 .1 3 1 0 .1 4 3 7 .5 6 1 0 .4 8
Crude f i b e r  <*/.) 2 3 .8 3 ± 0 .7 6 8 .4 5 1 0 .2 3 1 1 .6810 .39
Gossypol (mg/kg) 0 .0 0 1 0 .0 0 0 .0 0 1 0 .0 0 3 0 3 3 .6 6 10 .2 5
T o ta l  d ig e s t ib le  n u t r ie n t s c (*/.) 6 7 .8 9 1 0 .8 0 8 2 .7 1 1 0 .3 3 7 7 .9 0 1 0 .3 0
aDry m atter b a s is .
bCS -  corn s i l a g e ,  SBM -  soybean meal c o n c e n tra te ,  CSM -  d i r e c t
s o lv e n t -e x t r a c te d  cottonseed meal c o n c e n tra te .
CT o ta l  d ig e s t ib le  n u tr ie n ts (T D N ) f o r  CSM and SBM c o n cen tra tes  was 
estim ated  using the  Pennsylvania  s t a t e  fo ra g e  te s t in g  form ulas  (15)  
and TDN fo r  CS was c a lc u la te d  by using the  eq u at io n  o f  Marten e t  a l  
( 4 6 ) .
40
body weight were recorded a t  21 day in t e r v a ls  in  T r i a l  2 .
A f te r  T r i a l  2 ,  b u l ls  were s lau g h tered  and t is s u e  samples from the  
l i v e r *  lung, spleen* h e a r t ,  k idney* t e s t i s *  and diaphragm muscle were 
c o l le c te d  and s to red  a t  -2 0 °C . T issue samples were thawed and analyzed  
fo r  gossypol as described in  Chapter I I (P a g e  1 1 ) .
S t a t i s t i c a l  a n a ly s is
The e f f e c t s  o f  feed in g  d i r e c t  s o lv e n t -e x t ra c te d  cottonseed meal 
(CSM) and soybean meal(SBM) on growth r a t e  c h a r a c t e r is t ic s  o f  y e a r l in g  
H o ls te in  b u l ls  were eva lu a ted  by u n iv a r ia t e  a n a ly s is  techniques (7 2 ) .
The fo l lo w in g  models were used fo r  d a ta  a n a ly s is :
Model I :
Model I I I :  Y.
Model I I :  Y
i j k l
i  j k l = H + r .  + b ( r ) .  . + ( i .d + /S_d2 + (S. dr + (3,_d2r  + e. .. . 1 l l j l  2 4 5 l j k l
2 3 2
= F + r .  + b ( r ) . .  + /Sd + fl_d + <3„d + (S. dr + (3,-d r  +
where,
Y. .. ,=  o b serva tio n  on in d iv id u a l  growth r a t el  j k l
c h a r a c t e r is t ic
F= o v e r a l l  mean
r . =  e f f e c t  o f  i t h  r a t io n *  x
b ( r ) . . =  e f f e c t  o f  j t h  b u l l  nested w i th in  i t h  r a t io n ,  
 ̂J
d^= e f f e c t  o f  kth day*
rd = in t e r a c t io n  o f  i t h  r a t io n  w ith  kth day,
1 K
1. . . . ( 3 3= re g res s io n  c o e f f i c i e n t s  asso c ia ted  w ith
l in e a r *  q u a d ra t ic *  and cubic components
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o f  day e f f e c t .
re g re s s io n  c o e f f i c i e n t s  assoc ia ted  w ithH O
l i n e a r ,  q u a d ra t ic ,  and cubic components
o f  day by r a t io n  in t e r a c t io n .
e . .. ,=  re s id u a l  e r r o r .  i  j k l
Growth r a t e  c h a r a c t e r is t ic s  were te s te d  by Model I  on T r i a l s  1 and 2 .  
Body le n g th ,  h e a r t  g i r t h ,  w ith e r  h e ig h t ,  and s c r o ta l  c ircum ference  
were te s te d  by Model I I  in  T r i a l  2 .  Body weight was f i t  by Model I I I  
on T r i a l  2 .
The degree o f  polynomial th a t  best f i t  each growth r a t e  
c h a r a c t e r is t ic  was determined by F - t e s t  o f  the  l i n e a r ,  q u a d ra t ic ,  and 
cubic components o f  time e f f e c t  and r a t io n  by tim e in t e r a c t io n .  
In d iv id u a l  c o n tra s ts  were con stru cted  to  t e s t  i f  the s lope over time  
d i f f e r e d  between r a t io n s  as w e l l  as pooled across r a t io n s .  B u l l  nested  
w ith in  r a t io n  mean square was used to t e s t  r a t io n  e f f e c t .  B u l l  nested  
w ith in  r a t i o n ,  l i n e a r ,  q u a d ra t ic ,  and cubic components o f  t im e ,  and 
r a t io n  by tim e in t e r a c t io n  were te s te d  w ith  the e r r o r  mean square o f  
Model I .
RESULTS AND DISCUSSION 
T r i a l  1
D a i ly  dry  m atter in take(DM ) was not d i f f e r e n t  fo r  CSM and SBM 
b u l ls  (Tab le  4 ) .  D a i ly  in ta k e  o f  crude p ro te in (C P )  and t o t a l  d ig e s t ib le  
n u tr ie n ts (T D N ) was s im i la r  f o r  CSM and SBM b u l ls  (T a b le  4 ) .  B u l ls  fed  
CSM had a d a i l y  in ta k e  o f  6 .0 B ± 0 .0 4  mg o f  gossypol per kg o f  body weight 
(T a b le  4 ) .
Table  4 .  D a i ly  in ta k e  le a s t  square means and standard e r ro rs (± S E )  fo r  
dry m a tte r (D M )» crude p ro te in (C P )»  t o t a l  d ig e s t ib le  n u tr ie n ts (T D N ) , and 
gossypol(G) o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal(CSM)) and 
soybean meal(SBM) r a t io n s  in  T r i a l  1.
R ations
D a i ly  in ta k e CSM SBM
DM(kg) 5 .6 S a±0 .5 5 6 .2 6 a± 0 .5 0
CP(kg) 0 . 6 l a± 0 .0 6 0 .6B a± 0 .0 5
TDN(kg) 3 .7 5 a±0 .2 6 4 . 2 l a± 0 .3 3
Gossypol(mg/kg body w eigh t) 6 .0 8 a±0.0*» 0 .0 0 b±0 .04
aMeans in  the  same row b earin g  d i f f e r e n t  s u p e rs c r ip ts  d i f f e r ( P < .0 1 ) .
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Body w e ig h t ,  body le n g th ,  w ith e r  h e ig h t ,  and s c r o ta l  c ircum ference  
were not a f fe c te d  by r a t io n  fed  y e t  a l l  d i f f e r e d  s i g n i f i c a n t l y  between 
b u l ls  (Tab le  5 ) .  S lope o f  BW o f  CSM b u l ls  d id  not d i f f e r  from SBM b u l ls  
(T a b le  5 ) .  There was a q u a d ra t ic  in c rea se  o f  BW across tim e (F ig u re  
5 a ) .  Increase  in  BW, BL> HG, WH, and SC was l i n e a r l y  per day (Tab le  5 ) .  
Slopes o f  BL, WH, and SC were not s i g n i f i c a n t l y  d i f f e r e n t  f o r  CSM and 
SBM b u l ls  (T a b le  5 ) .  T h e re fo re ,  pooled re g res s io n  l in e s  f o r  BL, WH, and 
SC a re  presented in  F ig u re  5b. A s ig n i f i c a n t  l in e a r  component o f  r a t io n  
by tim e in t e r a c t io n  f o r  HG in d ic a te d  th a t  the  HG s lope o f  SBM and CSM 
b u l ls  d i f f e r e d  (Tab le  5 ) .  B u l ls  fed  SBM had a g re a te r  in c rease  in  HG 
per day than CSM b u l ls  (F ig u re  5 b ) .  The s ig n i f i c a n t  in c rease  in  HG fo r  
b u l ls  fed  SBM may be a t t r ib u t e d  to the  s l i g h t l y  g re a te r  in ta k e  o f  TDN 
(T a b le  4 ) .  In d iv id u a l  s lopes o f  BW, BL, HG, WH, and SC f o r  CSM and SBM 
b u l ls  were s i g n i f i c a n t l y  d i f f e r e n t  from z e r o (P < .0 1 ) .
T r i a l  2
D a i ly  n u t r ie n ts  in ta k e  a re  shown in  Tab le  6 . B u l ls  fed  CSM and SBM 
had s im i la r  dry  m atte r  in ta k e .  D a i ly  in ta k e  o f  TDN f o r  b u l ls  in  CSM and 
SBM were not s ig n i f i c a n t l y  d i f f e r e n t .  D a i ly  CP in ta k e  o f  CSM fed  b u l ls  
was s ig n i f i c a n t l y  g re a te r  than SBM b u l l s ( P < .0 1 ) .  B u l ls  fe d  CSM consumed 
3 0 .7 S 10 .27  mg o f  gossypol per kg o f  BW per day (T a b le  6 ) .
R a tio n  e f f e c t s  were not s ig n i f i c a n t  f o r  body w e ig h t ,  body len g th ,  
w ith e r  h e ig h t ,  and s c r o ta l  c ircum ference  (T ab le  7 , 8 ) .  B u l l  nested  
w ith in  r a t io n  s i g n i f i c a n t l y  in f lu e n ce d  BW, BL, HG, WH, and SC 
(T a b le  7 , 8 ) .  L in e a r ,  q u a d r a t ic ,  or cubic components o f  r a t io n  by time
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Tab le  5 .  Least squares analyses o f  v a r ia n c e  f o r  body w eight(BW ),  
body le n g th (B L ) ,  h e a r t  g ir th (H G )>  w ith e r  h e igh t(W H ), and s c r o ta l  
c ircum ference(SC ) o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal(CSM) 
and soybean meal(SBM) in  T r i a l  1.
Mean Squares
Sources id f BW BL HG WH SC
R ation 1 6oae.o 0 .3 178.5 0 .0 o.a
B u l l ( r a t i o n ) 3 7 940 6 .9 * * 8 4 . B ** 191 .8* * 4 5 . 8 * * 5 . 6 * *
Time a
time^ 1 34036.9 91 1 .6 * * 465 .1 * * 136 .3** a 7 .9 * *
tim e
q
1 117.3* 1.9 1.0 1.9 0 .8
R a tio n * t im e a
ra t io n x t im e j 1 30.4 0 .0
* *
88.1 0 .0 1.5
ra t io n x t im e
q
1 a . 3 10.8 a . 9 1.0 0 .5
E rro r 14 14.5 3 .0 a . 7 1.1 0 .7
T o ta l 26
aB u l1 ( r a t io n )  mean squares used to t e s t  r a t io n  e f f e c t .  
* ’ \ i n e a r  or q u a d ra t ic  components f o r  r a t i o n  and r a t io n # t im e
re g re s s io n .  
* * ( P < .0 1 )  
*< P < .0 5 )
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F ig u re  5 .  Body weight(BW)» body len g th (B L)»  h e a r t  g ir th (H G )»  w ith e r  
h eight(W H ), and s c r o ta l  c ircum ference(S C ) o f  y e a r l in g  H o ls te in  b u l ls  
fed  cottonseed meal(CSH) and soybean meal(SBM) across t im e (d a y )  in  





















Table  6 .  D a i ly  in ta k e  le a s t  square means and standard e r ro rs (± S E )  fo r  
dry m a tte r (D M )» crude p ro te in (C P )*  t o t a l  d ig e s t ib le  n u t r ie n ts (T D N )» and 
gossypol(G) o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal(CSM) and 
soybean meal(SBM) r a t io n s  in  T r i a l  2 .
R ation
D a i ly  in ta k e  CSM SBM
DM(kg) B .08a± 0 .5 6 8 . 7 l a± 0 .5 0
CP(kg) l .B 0 a± 0 .0 7 1 .00b± 0 .0 6
TDN(kg) 5 .7 8 a±0.3B 5 .B 6a±0 .33
Gossypol(mg/kg body w e ig h t) 3 0 .7 2 a+ 0 .27 o .o o b± o .e 4
aMeans in  the  same row b earing  d i f f e r e n t  s u p e rs c r ip ts  d i f f e r ( P < . 0 1 ) .
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Table  7 .  Least squares a n a ly s is  o f  v a r ia n c e  fo r  body w eight o f  y e a r l in g  
H o ls te in  b u l ls  fed  cottonseed meal(CSM) and soybean meal(SBM) in  
T r i a l  S.
Mean squares
Sources d f  Body weight
R ation 1 10653.00
Bui 1 ( r a t io n ) 7 16664.70
Time 3






time c 1 5 .7 4
R a tio n * t im e 3
r a t io n x t im e j 1 8 .11
ra t io n x t im e
q
1 6 5 .8 8
ra t io n x t im e c 1 0 .01
E rro r 21 4 4 .3 5
T o ta l 35
aB u l1 ( r a t io n ) used to t e s t  r a t io n  e f f e c t .
1 ,C,,CL in e a r ,  q u a d ra t ic ,  or cubic components fo r  r a t i o n ,  and r a t io n * t im e  
re g re s s io n .
<P<.01)
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Table  8 .  Least squares analyses o f  v a r ia n c e  o f  body le n g h t(B L ) ,  
h e a r t  g i r th (H G ) ,  w ith e r  height(WH)> and s c r o ta l  c ircum ference(SC )  
o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal(CSM) and soybean 
meal(SBM) in  T r i a l  2 .
Mean squares
Sources d f BL HG WH SC
R ation 1 1 .9 179.1 1 .0 0 .4 3
B u l l  ( r a t io n ) 7 9 6 .6 2 1 2 .5 5 3 .1 * * 5 .8 8 * *
Times 2
time^ 1 68.1 3 2 0 .9 5 6 .0 * * 1 7 .0 4 * *
time
q
1 0 .5 1 .2 0 .5 0 .1 3
Ration#Time 2
ra t io n x t im e ^ 1 0 .5 1 1 .7 * 0 .4 0 .1 5
ra t io n x t im e
q
1 0 .0 1 .6 0 .6 0 .0 2
E rro r 14 0 .7 1 .9 0 .7 0 .2 7
T o ta l 26
aB u l1( r a t io n ) used to t e s t  r a t io n  e f f e c t .
l>q, .^Linear or q u a d ra t ic components fo r r a t io n  and r a t io n x t im e
re g re s s io n .  
* *  (P < .01 )
*  (PC.05)
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F ig u re  6 .  Body weight(BW ), body len gth (B L)»  h e a r t  g ir th (H G )»  w ith e r  
h e igh t(W H ), and s c r o ta l  c ircum ference(SC ) o f  y e a r l in g  H o ls te in  b u l ls  fed  
cottonseed meal(CSM) and soybean meal(SBM) across t im e (d a y )  in  
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in t e r a c t io n  were not s ig n i f i c a n t  f o r  BW, BL, WH, and SC (T a b le  7 , 0 ) .
Th is  in d ic a te d  th a t  the  slopes o f  BW, WH, and SC fo r  CSM b u l ls  d id  not
d i f f e r  from SBM b u l l s .  T h e re fo re ,  pooled reg ress io n  l in e s  f o r  BW, BL,
WH, and SC a re  shown in  F ig u re  6a and 6b. There was a l in e a r  response
in  BW, BL, HG, WH, and SC as in d ic a te d  by the  s ig n i f ic a n t  l in e a r  
component o f  time (Tab le  7 , 8 ) .  Average d a i ly  ga in  was 1 .55  kg per day 
fo r  b u l ls  fed  CSM and SBM as shown by the  s lope o f  BW (F ig u re  6 a ) .  
Average d a i ly  g a in  rep o rted  h e re in  (1 .5 5  kg /day) fo r  y e a r l in g  H o ls te in  
b u l ls  was s im i la r  to  th a t  published by Calo e t  a l  ( 2 0 ) .  The s ig n i f ic a n t  
l in e a r  in t e r a c t io n  o f  r a t io n  by t im e fo r  HG in d ic a te d  th a t  the  s lope of  
HG f o r  CSM b u l ls  d i f f e r e d  from th a t  o f  SBM b u l l s .  Increase  in  HG o f  CSM 
b u l ls ( 0 .2 4  cm/day) was g re a te r  than SBM b u l l s ( 0 .1 7  cm/day) as a r e s u l t  
o f  h igher n u t r ie n ts  in ta k e  (Tab le  6 ) .  B u l ls  in  CSM were fed  more 
p ro te in  to m a in ta in  an average d a i ly  gossypol in ta k e  o f  approxim ate ly  30 
mg per kg o f  BW. In d iv id u a l  s lopes o f  BW, BL, HG, WH, and SC fo r  CSM 
and SBM b u l ls  were s i g n i f i c a n t l y  d i f f e r e n t  from z e ro (P < .0 1 ) .
C o r r e la t io n  c o e f f i c i e n t s  among growth r a t e  c h a r a c t e r is t ic s  are  
presented in  Table  9 .  Body weight was h ig h ly  c o r re la te d  w ith  h e art  
g i r t h  < r = 0 .9 7 ) .  Th is  in d ic a te s  th a t  BW can be estim ated  by measuring 
h e a r t  g i r t h  on y e a r l in g  H o ls te in  b u l l s .  Body weight was c o r r e la te d  w ith  
WH and BL ( r=  0 .8 3 ,  0 . 8 5 ) .  Body w e ig h t ,  h e a r t  g i r t h ,  w ith e r  h e ig h t ,  and 
body length  were c o r re la te d  w ith  SC(average, r = 0 .7 0 ) .  The c o r r e la t io n  of  
BW, HG, WH, and BL w ith  SC in d ic a te s  th a t  b u l ls  w ith  f a s t e r  growth d id  
not n e c e s s a r i ly  have la rg e r  t e s t i s .  Hahn e t  a l  (34 ) found a s im i la r  
c o r r e la t io n  between SC and WH ( r = 0 .6 B ) .  W ither he ig h t was c o r re la te d
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Tab le  9 .  Pooled c o r r e la t io n  c o e f f i c i e n t s  f o r  T r i a l s  1 and 3 among growth  
r a t e  c h a r a c t e r is t ic s 3 (N= 5 4 ) .
HG WH BL SC
1. Body weight(BW) 0 .9 7 0 .8 3 0 .8 5 0 .7 4
2 .  H eart  g ir th (H G ) 0 .8 6 0 .8 0 0.71
3 .  W ithers  height(WH) 0 .7 8 0 .6 6
4 .  Body length (B L) 0 .7 0
5 .  S c ro ta l  c ircum ference(SC )
aA l l  c o r r e la t io n  c o e f f i c i e n t s  were s i g n i f i c a n t .  (P < .01 ) ,H^: r= 0 .
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w ith  h e a r t  g i r t h  < r= 0 .8 6 ) .
T issue gossypol data  a re  shown in  Table  10. D esp ite  the  d a i ly
in ta k e  o f  gossypol by b u l ls  fed  CSM f o r  90 days* gossypol was not
found in  l i v e r *  spleen* lung* h e a r t ,  t e s t i s *  k idney , and diaphragm  
muscle t is s u e s .  Average percen t recovery  f o r  t is s u e  samples was 
82.9*/. (T ab le  1 0 ) .
R esu lts  o f  T r i a l s  1 and 2 in d ic a te d  th a t  body w e ig h t,  body len g th ,  
w ith e r  h e ig h t*  and s c r o ta l  c ircum ference  c h a r a c t e r is t ic s  were not 
a f fe c te d  by r a t i o n ,  w h i le  h e a r t  g i r t h  was in f lu en ced  by r a t i o n .  No 
c l i n i c a l  s igns o f  gossypol t o x i c i t y  were observed in  b u l ls  fed  CSM. 
Although Lindsey e t  a l  (42 ) found gossypol in  cow l i v e r  and plasma a f t e r  
fe ed in g  CSM, gossypol was not found in  b u l l  t is s u e  and plasma in  the
present s tudy . D a i ly  gossypol in ta k e ,  r a t io n  com position and method
o f  gossypol a n a ly s is  could be re s p o n s ib le  f o r  t h is  d iscrepancy . Reisser  
and Fu (56 ) proposed th a t  gossypol was d e t o x i f ie d  by rum inants through  
bind ing  to  s o lu b le  p r o t e in .  F u r th e r  s tu d ie s  a re  necessary in  order to  
e s ta b l is h  o ther p o s s ib le  mechanisms o f  gossypol d e t o x i f i c a t i o n .  Whether 
gossypol is  degraded or p a r t i a l l y  in a c t iv a te d  by o th e r  b io lo g ic a l  
processes in  the  rumen is  unknown.
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Table  10. Least squares means and standard  e r ro rs (± S E )  f o r  t is s u e  
gossypol in  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal(CSM) c o n ta in in g  
gossypol and soybean meal(SBM) r a t io n s  f o r  90 days.
G ossypo l(ng /m l)
Tissues SBMb CSMb PSR3
L iv e r ND ND 8 0± 2 .0
Spleen ND ND 8 2 ± 1 .7
Lung ND ND 88+ 2 .5
H eart ND ND 8 3± 1 .5
T e s t is ND ND 8 0 ± 1 .3
Kidney ND ND 8 5± 2 .3
Diaphragm muscle ND ND 8 2 ± 1 .8
aPSR Percent sp ike  re co v e ry (4 0 0  ng /m l) o f  bovine t is s u e  samples. 
bND in d ic a te s  not d e te c t e d (1 im i t  o f  d e te c t io n  was 100 n g /m l) .
CHAPTER IV
EFFECT OF FEEDING DIRECT SOLVENT-EXTRACTED COTTONSEED 
MEAL ON SEMEN QUALITY AND SPERMATOGENESIS 
OF YEARLING HOLSTEIN BULLS
ABSTRACT
Nine y e a r l in g  H o ls te in  b u l ls  were used to e v a lu a te  th e  e f f e c t  o f  
fe e d in g  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed meal c o n ta in in g  gossypol and 
soybean meal r a t io n s  on semen q u a l i t y  c h a r a c t e r is t i c s .  L in e ar  
d is c r im in a n t  semen q u a l i t y  score means were used to assign b u l ls  to  
cottonseed meal and soybean meal r a t io n s .  In  T r i a l  1» f i v e  b u l ls  were 
fed  corn s i lag e -so yb ean  meal r a t i o n ( 8 B : I E ) , w h i le  fo u r  b u l ls  were fed  
corn s i la g e -c o t to n s e e d  meal r a t i o n ( B B : I E ) . B u l ls  fed  cottonseed and 
soybean meal c o n cen tra tes  had an average d a i ly  in ta k e  o f  gossypol o f  6 
mg and 0 mg per kg o f  body w e ig h t .  In  T r i a l  £ ,  b u l ls  on soybean meal 
were fed  the  same r a t io n  as T r i a l  1. B u l ls  on cottonseed meal were fed  
a corn s i la g e -c o t to n s e e d  meal r a t i o n ( 5 0 : 5 0 ) . B u l ls  fed  cottonseed meal 
had an average d a i ly  gossypol in ta k e  o f  30 mg per kg o f  body w eig h t .  
Blood samples were c o l le c te d  fo r  gossypol a n a ly s is .
E ja c u la te s  from a l l  b u l ls  were c o l le c te d  tw ice  a week by means o f  
an a r t i f i c i a l  vag in a . Each e ja c u la t e  was c r i t iq u e d  fo r  i n i t i a l  
m o t i l i t y ,  c o n c e n t r a t io n  and volume. T o ta l  sperm c e l l s  per e ja c u la t e  was 
determined from the  product o f  sperm c o n ce n tra t io n  and volume.
Post-thaw  semen q u a l i t y  measurements were p ercent p ro g re ss iv e  m o t i l i t y  
a t  0 h, p ercen t p ro g re ss iv e  m o t i l i t y  a f t e r  3 h 37°C in c u b a t io n ,  prim ary
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and secondary a b n o rm a l i t ie s *  and p e rcen t in t a c t  acrosomes a f t e r  3 h -  
37°C in c u b a t io n .  Spermatogenesis was eva lu a ted  by counting  the  number 
o f  le p to te n e  prim ary  spermatocytes and S e r t o l i  c e l l s  p resen t in  the same 
stage I sem in ife ro u s  tu b u la r  c ro s s -s e c t io n s  a t  400 x m a g n i f ic a t io n .  
Twenty in t a c t  s tage  I tu b u la r  c ro s s -s e c t io n s  were examined per b u l l .
R esu lts  o f  T r i a l s  1 and S in d ic a te d  th a t  feed in g  d i r e c t  s o lv e n t -  
e x tra c te d  cottonseed meal was not d e tr im e n ta l  to semen q u a l i t y  
c h a r a c t e r is t ic s  and spermatogenesis in  y e a r l in g  H o ls te in  b u l l s .  D esp ite  
the  high d a i l y  in ta k e  o f  gossypol(30 mg/kg o f  body w e ig h t ) )  acrosomal 
i n t e g r i t y  a t  3 h and m o t i l i t y  a t  0 h were h ig h er fo r  cottonseed meal fed  
b u l l s .  I n i t i a l  m o t i l i t y  and c o n c e n tra t io n  were not a f f e c t e d .  Numbers 
o f  le p to te n e  prim ary  sperm atocytes) S e r t o l i  c e l l s )  and le p to te n e  prim ary  
spermatocytes to  S e r t o l i  c e l l s  r a t i o  were s im i la r  fo r  SBM and CSM b u l ls .  
Thus) fe e d in g  cottonseed meal c o n ta in in g  gossypol to y e a r l in g  H o ls te in  
b u l ls  d id  not d is tu rb  sperm atogonial m i to s is .  Gossypol was not found in  
plasma samples. S te a d y -s ta te  plasma gossypol was not observed. I t  was 
a p p a re n t ly  degraded or in a c t iv a te d  in  the  rumen.
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INTRODUCTION
Gossypol has a d e tr im e n ta l  e f f e c t  on male re p ro d u c t iv e  organs  
and semen q u a l i t y  c h a r a c t e r is t ic s  when fe d  to  monogastric an im als .
Rats fed  gossypol a t  30 mg per kg o f  body weight per day f o r  6 weeks 
had s i g n i f i c a n t l y  reduced w eights  o f  ep id idym is*  seminal v e s ic le *  
and p ro s ta te *  but t e s t i c u l a r  weight was u n a ffe c te d  ( 2 4 ) .  In  hamster, 
epid idym al weight was reduced* w h i le  t e s t i s  and seminal v e s ic le s  
w eights were not a f fe c te d  ( 6 0 ) .
Rats fed  30 mg o f  gossypol per kg o f  body weight fo r  6 weeks 
showed abnormal spermatozoal m o t i l i t y  and morphology. M orphological  
a b n o rm a l i t ie s  inc luded s h arp ly  bent t a i l s  and complete s e p a ra t io n  o f  
t a i l  from head. Sperm c o n c e n tra t io n  was 50*/. less  than the  c o n tro ls  
( 2 4 ) .  When whole cottonseed f l o u r  d ie t s  were fed  to r a t s ,  th e re  was a 
s ig n i f i c a n t  decrease in  number and m o t i l i t y  o f  spermatozoa washed from 
caput* corpus and cauda ep id idym is  ( 7 1 ) .  Sperm m o t i l i t y  o f  r a t s  fed  25 
mg o f  gossypol a c e t ic  ac id  per kg o f  body weight per day was normal 
u n t i l  day 25 p o s t - t r e a tm e n t , t h e r e a f t e r  sperm m o t i l i t y  was absent and 
many spermatozoa were d e c a p ita te d  or had bent t a i l s  ( 1 4 ) .  Rat 
spermatozoa in  the  caput ep id idym is  were damaged by 5 days a f t e r  
trea tm en t began ( 1 4 ) .
Gossypol causes i n f e r t i l i t y  in  monogastric anim als as r e s u l t  o f  
depression  o f  semen q u a l i t y  and has been introduced f o r  human 
c o n tra c e p tio n  ( 3 1 ) .  Hamster males t r e a te d  w ith  15 mg per kg o f  
body weight per day o f  gossypol became i n f e r t i l e  w i th in  7 to 8 weeks 
o f  trea tm ent ( 6 0 ) .  F e r t i l i t y  was a lso  s e v e re ly  a f fe c te d  in  male r a ts
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fed  d e fa t te d  whole cottonseed f lo u r  ( 7 1 ) .  F e r t i l i t y  was 66.6'/. in  
c o n tro l  r a t s  as compared to the  average o f  5.554 in  those fed  d e fa t te d  
whole cottonseed f lo u r  ( 7 1 ) .
M o t i l i t y  o f  monkey sperm jin v i t r o  was in h ib i te d  as a r e s u l t  o f  
gossypol b ind ing  to  the  spermatozoa ( 7 3 ) .  F i f t y  percen t i n h ib i t io n  o f  
m o t i l i t y  and g ly c o ly s is  occurred a t  a gossypol to sperm r a t i o  o f  B
9
nmol/10 spermatozoa ( 7 3 ) .  In  humans* sperm v e lo c i t y  and m o t i l i t y  is  
reduced im m ediate ly  a f t e r  a d d i t io n  o f  100 pg o f  gossypol to  u n d i lu te d  
e ja c u la t e  (5 7 ) .
I f  gossypol escaped rumen deg rad a tio n  and was absorbed in  i t s  
a c t iv e  form* an e f f e c t  o f  gossypol on bovine semen q u a l i t y  would be 
expected . T h e re fo re ,  the  o b je c t iv e  o f  t h is  study was to e v a lu a te  the  
e f f e c t  o f  fe e d in g  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed meal co n ta in in g  
gossypol on semen q u a l i t y  c h a r a c t e r is t ic s  and spermatogenesis o f  
y e a r l in g  H o ls te in  b u l l s .
MATERIALS AND METHODS
This  study was conducted from November, 19B5 to A p r i l ,  1986 in  
r e l a t i v e l y  cool weather to m in im ize the  e f f e c t  o f  environment on semen 
q u a l i t y  c h a r a c t e r is t i c s .  D e t a i ls  on com position o f  the  r a t i o n ,  average  
n u t r ie n t  con ten t fe e d s ,  age, weight and growth r a t e  o f  the  b u l ls  have 
been described in  Chapter I I I ( P a g e  3 E ) .
S e m e n  c o l l e c t i o n  a n d  s e m e n  Q u a l i t y  e v a l u a t i o n
Nine y e a r l in g  H o ls te in  b u l ls  were t ra in e d  to serve  an a r t i f i c i a l
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vagina p r io r  to begin ing  the  s tudy . B u l ls  were in te n s iv e ly  s e x u a l ly  
prepared b e fo re  each semen c o l le c t io n  using a com bination o f  two to  
th re e  f a ls e  mounts and a c t iv e  p a r t i a l  r e s t r a i n t  f o r  S m inutes.  
E ja c u la te s  were s to red  a t  37°C in  a w ater bath p r io r  to  e v a lu a t io n .
Each e ja c u la t e  was c r i t iq u e d  fo r  i n i t i a l  volume(VOL), c o n c e n tra t io n  
(CONC), and m o t i l i t y ( IM O T ) . T o ta l  number o f  sperm per e ja c u la t e  
(TSCPE) was determined from the  product o f  sperm c o n c e n tra t io n  and 
volume. E ja c u la te s  were processed in  0 .5  ml French straws and fro ze n  
using egg yo lk  c i t r a t e - g ly c e r o l  extender method ( 2 3 ) .  During P r e - t r i a l  
and T r i a l  p e r io d s*  2 e ja c u la te s  were c o l le c te d  per b u l l  tw ice  a week.
A l l  e ja c u la te s  were coded during  semen processing so th a t  the  
semen q u a l i t y  te c h n ic ia n  was unaware o f  the  b u l l  being e v a lu a te d .  
Post-thaw  semen q u a l i t y  was e va lu a ted  as fo l lo w s .  Three straws per b u l l  
were thawed a t  37°C fo r  20 sec . Percent p ro g re ss iv e  m o t i l i t y  a t  0 h 
(PPMO) and again  a f t e r  a 3 h -  37°C incubation(PPM3) was eva lu a ted  from 
l i v e  smear using phase c o n tra s t  microscopy equipped w ith  a warm 
s tag e (37°C ) a t  400 x m a g n if ic a t io n  ( 5 9 ) .  Primary(PABN) and secondary 
(SABN) a b n o rm a li t ie s  were determined by d i r e c t  count o f  100 c e l l s  from 
random f i e l d s  o f  an im m obilized smear using d i f f e r e n t i a l  in te r fe r e n c e  
c o n tra s t  microscopy a t  1000 x m a g n if ic a t io n  ( 4 7 ) .  Acrosomal i n t e g r i t y  
(P IA 3 ) ,  denoted by the  presence o f  the  a p ic a l  r id g e  a f t e r  3 h o f  
in cu b at io n  a t  37°C, was measured using d i f f e r e n t i a l  in te r fe r e n c e  
c o n tra s t  microscopy equipped w ith  a warm stage a t  1000 x m a g n if ic a t io n ,  
counting 100 c e l l s  in  l i v e  smear ( 5 9 ) .
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Blood c o l le c t io n
Blood samples Mere c o l le c te d  every  week in  15 ml h e p a r in iz e d  tubes  
by ju g u la r  puncture a t  0800 h p r io r  to  fe ed in g  during  P r e - t r i a l  and 
T r i a l  p e r io d s .  A d d it io n a l  blood samples were c o l le c te d  a t  0> 2 ,
A, 6 ,  and 8 h a f t e r  fe e d in g  a t  A and 3 week in t e r v a ls  during  T r i a l  1 and 
2 .  Blood samples were c e n t r i fu g e d  a t  800 x g f o r  20 min. Plasma was 
t r a n s fe re d  to  a 30 ml p l a s t i c  v ia l s *  s to red  a t  -2 0 °C ,  and thawed a t  room 
tem peratu re  p r io r  to a n a ly s is .  Plasma gossypol a n a ly s is  was performed  
as p re v io u s ly  described in  Chapter I I ( P a g e  1 1 ) .
T e s t ic u la r  t is s u e  procedures f o r  h is t o lo g ic  e v a lu a t io n  o f  
spermatogenesis
3
One cm t e s t i c u l a r  t is s u e  from each t e s t i s  was obta ined  a f t e r  the  
b u l ls  were s la u g h te re d .  T issue was im m ediate ly  p laced in to  a f r e s h ly  
prepared s o lu t io n  o f  Z en ker’ s f i x a t i v e  c o n ta in in g  10'/. fo r m a l in .  T issue  
was f ix e d  in  Zenker-Formol f o r  2A h . T issue was washed in  running tap  
water f o r  2A h, embedded in  p a r a f f i n ,  sectioned  a t  A H, and s ta in e d  w ith  
hem atoxy lin  and e o s in .
Q u a n t i ta t iv e  a n a ly s is  o f  spermatogenesis was performed as described  
by Amann ( 9 ) .  A t o t a l  o f  20 in t a c t  s tage I tu b u la r  c ro s s -s e c t io n s  in  
b u l l  t e s t i c u l a r  t is s u e  fed  CSM and SBM r a t io n  were examined a t  A00 x 
m a g n if ic a t io n .  Numbers o f  S e r t o l i  c e l l s  were e va lu a ted  by counting only  
those c e l l s  w ith  a prominent nuc leo lus  to  avoid d u p l ic a t io n .  Leptotene  
prim ary  sperm atocytes and S e r t o l i  c e l l s  p resen t in  the  same s tage I 
tu b u la r  c ro s s -s e c t io n s  were enumerated. A r a t i o  o f  le p to te n e
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spermatocytes per S e r t o l i  c e l l s  was a ls o  c a lc u la t e d .  Th is  procedure  
prov ides  a s e n s i t iv e  te s t  f o r  d e te c t in g  a l t e r a t i o n s  induced by an agent 
a c t in g  in  sperm atogonial m ito s is  ( 9 ) .
Assignment o f  y e a r l in g  H o ls te in  b u l ls  to  trea tm en t
Semen q u a l i t y  c h a r a c t e r is t ic s  used to  e v a lu a te  the  P r e - t r i a l  
e ja c u la te s  were VOL, IMOT, CONC, P IA3, PPMO, PPM3, PABN, and SABN.
Semen q u a l i t y  measurements f o r  each semen c h a r a c t e r is t ic  were 
s tan d ard ized  to mean zero and standard d e v ia t io n  o f  one. In d iv id u a l  
obs erva tio n s  were d e v ia te d  from the  mean and d iv id e d  by the  standard  
d e v ia t io n  o f  each semen q u a l i t y  c h a r a c t e r i s t i c .  A f t e r  s ta n d a rd iz in g  the  
semen q u a l i t y  c h a r a c t e r is t i c s ,  a f a s t  c lu s te r  a n a ly s is  technique (72)  
was used to c la s s i f y  the  P r e - t r i a l  e ja c u la t e s  in to  two c a te g o r ie s  o f  
e ja c u la t e s .
C a teg o r ies  o f  e ja c u la t e s  were then used to determ ine the  F is h e r ’ s 
s tan d ard ized  l in e a r  d is c r im in a n t  fu n c t io n  (3 2 ) by s o lv in g  the  fo l lo w in g  
eq u atio n s:
<1) K= S-1  *  D,
(2 )  L= X *  K, 
where,
K= p x 1 v ec to r  o f  s tan d ard ized  F is h e r ’ s d is c r im in a n t  
c o e f f i c i e n t s ,
S 1= p x p in verse  pooled sample v a r ia n c e -c o v a r ia n c e  
m a tr ix ,
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D= p x 1 v e c to r  o f  c e n tro id  mean d i f fe r e n c e s  between 
the  two e ja c u la t e  c a te g o r ie s *
L= n x 1 v e c to r  o f  s tan d ard ize d  l in e a r  d is c r im in a n t  
scores*
X= n x p m a tr ix  c o n ta in in g  the  s tan d ard ized  q u a l i t y  
scores o f  semen c h a r a c t e r is t i c s .
The s tan d ard ized  l in e a r  d is c r im in a n t  fu n c t io n (L )  f o r  the  semen 
q u a l i t y  da ta  was:
L= 0 .0595478  *  SVOL + 2 .8 9 34  *  SIMOT + 1.70591 *  SCONC + 1 .13029 *  
SPIA3 -  1 .15517 *  SPABN -  1 .0932  *  SSABN + 2 .27831 *  SPPMO + 
0 .799012  *  SPPM3 
where*
SVOL, SIMOT, SCONC, SPIA3, SPABN, SSABN, SPPMO, AND SPPM3= 
a re  s tan d ard ized  va lues  o f  semen q u a l i t y  c h a r a c t e r is t i c s .  
L in ear d is c r im in a n t  scores(LDS) were then generated by m u lt ip ly in g  
the  s tan d ard ized  scores o f  semen q u a l i t y  c h a r a c t e r is t ic s  w ith  t h e i r  
re s p e c t iv e  l in e a r  d is c r im in a n t  c o e f f i c i e n t s  and summing over a l l  t h e i r  
products . Mean l in e a r  d is c r im in a n t  scores (MLDS) f o r  b u l l ,  p a i r ,  and 
r a t io n  a re  shown in  Table  11. Based on s im i la r  MLDS, b u l ls  were grouped 
in  4 p a i r s .  B u l ls  w i th in  a p a i r  were then randomly assigned to soybean 
meal(SBM) or cottonseed meal(CSM) r a t i o n .  An e x t r a  b u l l ( B u l l  # 6) was 
assigned to SBM group.
A f te r  ass ign ing  b u l ls  to  r a t i o n ,  p r e - f r e e z in g  semen q u a l i t y  
(VOL, IMOT, CONC, AND TSCPE) and p o s t - f r e e z in g  semen q u a l i t y  
(P IA 3 , PABN, SABN, PPMO, PPM3) c h a r a c t e r is t ic s  o f  P r e - t r i a l  e ja c u la te s
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Table  11. Mean l in e a r  d is c r im in a n t  scores(MLDS)> p a i r *  and r a t io n  o f  
y e a r l in g  H o ls te in  b u l l s .
BULL MLDS PAIR RATION3
1 - 0 .4 5 1 CSM
a S .67 a SBM
3 -11 .39 3 CSM
4 5.35 4 SBM
5 6.14 4 CSM
6 4.60 EBb SBM
7 -10 .34 3 SBM
9 0.63 1 SBM
10 a . 71 a CSM
aCSM cottonseed meal and SBM soybean meal r a t io n .  
bEB e x t r a  b u l l  assigned to SBM group.
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were sub jec ted  to a n a ly s is  o f  v a r ia n ce  ( 7 2 ) .  R a tio n  and the  l i n e a r ,  
q u a d ra t ic ,  and cubic components o f  r a t io n  by t im e in t e r a c t io n  were 
not s ig n i f i c a n t ,  thus assignment o f  b u l l  to r a t io n  based on MLDS was 
successfu l in  p re ve n tin g  i n i t i a l  d i f fe r e n c e s  between trea tm en t groups.
S t a t i s t i c a l  a n a ly s is
The e f f e c t  o f  feed in g  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed meal
(CSM) c o n ta in in g  gossypol and soybean meal(SBM) on semen q u a l i t y
c h a r a c t e r is t ic s  o f  y e a r l in g  H o ls te in  b u l ls  was eva lu a ted  by u n iv a r ia t e
a n a ly s is  techniques ( 7 2 ) .  The fo l lo w in g  models were used:
Model I :  Y. .. = H + r .  + b ( r ) . .  + d. + r d . .  + e .  ,l j k l  x i j  k lk  l j k l
Model I I :  Y. .. = F + r .  + b ( r ) . .  + /J,d + (S_d  ̂ + (8„d^ + (I. dr + (Jcd^r + l j k l  i i j  1 £ 3 h 5
(S,d3r  + e 6 l j k l
where,
Y . ^ j =  o b s erv a t io n  on in d iv id u a l  growth r a t e  
c h a r a c t e r is t i c s ,
F= o v e r a l l  mean,
r . =  e f f e c t  o f  i t h  r a t io n ,
b ( r ) . ^ =  e f f e c t  o f  j t h  b u l l  nested w i th in  i t h  r a t io n ,  
d^= e f f e c t  o f  kth t im e ,
r d . =  in t e r a c t io n  o f  i t h  r a t io n  w ith  kth t im e ,  lk
d 1 ...(3g=  re g re s s io n  c o e f f i c i e n t s  assoc ia ted  w ith
l i n e a r ,  q u a d ra t ic ,  and cubic components 
fo r  t im e ,
re g re s s io n  c o e f f i c i e n t s  assoc ia ted  w ith
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1 in e a r , q u a d ra t ic *  and cubic  components 
f o r  t im e by r a t io n  in t e r a c t io n ,
e. .. = random e r r o r ,  l j k l
Semen q u a l i t y  c h a r a c t e r is t ic s  were te s te d  by Models I  and I I  in  
T r i a l s  1 and H. In d iv id u a l  c o n tra s ts  were con tru c ted  to  t e s t  i f  the  
in te r c e p t  and s lope over t im e d i f f e r e d ,  f o r  each r a t io n  as w e l l  as 
pooled across r a t io n s .  L in e a r ,  q u a d r a t ic ,  and cubic components o f  t im e ,  
r a t io n  by tim e in t e r a c t io n ,  and b u l l  nested w i th in  r a t io n  were te s te d  
w ith  the  e r r o r  mean square o f  Model I .  The degree o f  polynom ial th a t  
best f i t  each semen q u a l i t y  c h a r a c t e r is t i c  was determined by F - t e s t s  o f  
the  l i n e a r ,  q u a d ra t ic ,  and cubic  components o f  tim e e f f e c t  and r a t io n  by 
tim e in t e r a c t io n .  Residual components o f  t im e and r a t i o n  by tim e  
i n t e r a c t io n  were e s t im a ted  by s u b tra c t in g  the  tim e or r a t i o n  by time  
i n t e r a c t io n  s e q u e n t ia l  sum o f  squares in  Model I  from the  t o t a l  
s e q u e n t ia l  sum o f  squares o f  th e  l i n e a r ,  q u a d r a t ic ,  and cubic  
components in  Model I I .
T e s t ic u la r  h is t o lo g ic  da ta  was analyzed by using the  fo l lo w in g  
model:
Y . . , . =  H + r .  + b ( r ) . .  + c( b * r ) . .. + e . .. ,
l j k l  l  i j  i j k  l j k l
Where,
Y . ^ j =  o b s erv a t io n  on in d iv id u a l  germ c e l l s ,
F= o v e r a l l  mean, 
r . =  e f f e c t  o f  i t h  r a t i o n ,l
b ( r ) . . =  e f f e c t  o f  j t h  b u l l  nested w i th in  i t h  r a t i o n ,
^ J
c ( b # r ) . . =  e f f e c t  o f  k th b lock o f  t e s t i c u l a r  t is s u e  nested
l  j k
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w i th in  i t h  r a t io n  and j t h  b u l l ,
e . .. = random e r r o r ,  l j k l
RESULTS AND DISCUSSION 
T r i a l  1
I n i t i a l  m o t i t i t y ( IM O T ) , sperm concentra tion(C O N C ), t o t a l  sperm 
c e l l s  per e ja c u la te (T S C P E ), acrosomal i n t e g r i t y  a t  3 h -  37°C  
in c u b a t io n (P IA 3 ) , p r im ary  a b n o rm a lit ie s (P A B N ), secondary a b n o rm a l i t ie s  
(SABN), p ercen t p ro g re ss iv e  m o t i l i t y  a t  0 h(PPM3) and percent  
p ro g re ss iv e  m o t i l i t y  a t  3 h -  37°C incubation(PPM3) were not a f fe c te d  
by ra t io n s  but a l l  semen q u a l i t y  c h a ra c te r is t ic s (S Q C )  were s i g n i f i c a n t l y  
in f lu e n ce d  by b u l l  nested w i th in  r a t io n  (T a b le  12»13) . The s ig n i f i c a n t  
i n t e r a c t io n  o f  the  l in e a r  component o f  r a t io n  by tim e in t e r a c t io n  fo r  
VOL(Table 12) in d ic a te d  th a t  b u l ls  fed  CSM had a s i g n i f i c a n t l y  g re a te r  
l in e a r  in c rease  in  VOL per week than SBM b u l ls  (F ig u re  7 b ) .  No l in e a r  
response f o r  volume was observed in  SBM b u l l s .  L in e a r ,  q u a d ra t ic ,  and 
cubic  components o f  r a t io n  by tim e in t e r a c t io n  were not s ig n i f i c a n t  fo r  
IMOT, CONC, TSCPE, P IA 3, PABN, SABN, PPMO, and PPM3 (T a b le  1 2 ,1 3 ) .  This  
in d ic a te d  th a t  the  slopes o f  IMOT, CONC, TSCPE, P IA 3, PABN, SABN, PPMO, 
and PPM3 o f  CSM b u l ls  d id  not d i f f e r  from SBM b u l l s .
S ince r a t io n  and l i n e a r ,  q u a d ra t ic ,  and cubic components f o r  r a t io n  
by tim e in t e r a c t io n  were not s ig n i f i c a n t  pooled re g re s s io n  l in e s  fo r  
IMOT, CONC, TSCPE, P IA 3, PABN, SABN, PPMO, and PPM3 a re  shown in  F igures  
7a , 7b, and 8 .  L in e ar  components o f  tim e were s ig n i f i c a n t  f o r  VOL,
IMOT, TSCPE, and PABN (T ab le  1 2 ,1 3 ) .  As i l l u s t r a t e d  in  F ig u re  7a and 8 ,
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Table  12. Least squares analyses o f  v a r ia n c e  f o r  p r e - f r e e z in g  semen 
q u a l i t y  c h a r a c t e r is t ic s  o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed  
meal and soybean meal in  T r i a l  1.
Mean asquares
Sources d f VOL IMOT CONC TSCPE
R ation 1 7 .4 6 0 .6 43786.1 11994018.4
Bui 1 ( r a t io n ) * 3 7 6 . 1 #* 4 10 .4 519046 .2 11393268.5
Time 8
time^ 1 6 . 7 * * 2 0 0 .6 * 15408.5 401 0123 .2 *
time
q
1 0 .0 3 2 .6 15107.1 418936 .5
time c 1 0 .1 28 .1 779 8 .8 230901 .7
lack o f  f i t 5 0 .8 4 0 .7 48999 .2 960237 .6
R a t io n * t im e 8
r a t io n x t im e j 1 4 .3 * 3 .7 238388 .0 544.1
r a t io n x t im e
q
1 0 .4 4 .9 2 91 4 .8 429286.7
ra t io n x t im e c 1 0 .4 3 .6 25381 .5 11817.2
lack o f  f i t 5 0 .4 2 4 .5 8 79 0 .7 182704.5
Residual 136 1 .0 4 3 .9 70508 .0 910023 .7
T o ta l 160
aVo1ume(VOL)*  i n i t i a l  m o t i l i t y  (IMOT)* c o n c e n tra t io n  <CONC)*and t o t a l  
sperm c e l l s  per e ja c u la t e  (TSCPE).
^ B u l1 ( r a t io n )  used to  te s t  r a t io n *  * *  < P < .0 1 ) ,  * ( P < . 0 5 ) .  
l , q * cL in e a r ,  q u a d ra t ic  or cubic s e q u e n t ia l  re g res s io n  components.
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Table  13. Least squares analyses o f  v a r ia n ce  fo r  p o s t - f r e e z in g  semen 
q u a l i t y  c h a r a c t e r is t ic s  o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed  
meal and soybean meal in  T r i a l  1.
Mean Squares3
Sources d f PI A3 PABN SABN PPMO PPM3
R ation 1 1730.9 1306.9 2 9 .9 153.6 3 1 5 .3
Bui 1 ( r a t io n ) * 3 7 1 0 8 0 .0 * * 1 1 4 8 .2 * * 2 3 2 .7 * * 1 2 2 .6 * * 125 .6
Time 8
time^ 1 3 8 .5 7 1 3 .3 * 4 2 .2 2 5 .2 7 .6
time
q
1 38 .4 9 2 .5 2 4 .5 8 8 .8 12 .8
time c 1 6 .3 11 .9 7 4 .6 5 .5 9 .1
lack o f  f i t 5 6 9 .5 15.2 3 7 .4 2 3 .9 1 3 .2
Ration#Time 8
ra t io n x t im e ^ 1 141 .6 6 .3 3 5 .9 3 3 .7 2 4 .7
ra t io n x t im e
q
1 2 5 1 .2 28.1 6 1 .9 17 .9 2 8 .9
ra t io n x t im e c 1 2 5 .2 12 .9 1 .9 8 .7 1 .2
lack  o f  f i t 5 13 .4 3 7 .0 2 2 .8 2 0 .9 2 .8
Residual 136 157.1 5 2 .9 2 6 .0 3 3 .6 24 .1
T o ta l 160
aAcrosomal i n t e g r i t y  a f t e r  3 h - 37°C in cu b at io n  (P IA 3 ) ,  prim ary
a b n o rm a l i t ie s  (PABN), secondary ab n o rm alit ies (S A B N ), p ro g re ss iv e
m o t i l i t y  a t  0 (PPMO) and a f t e r  3 h -  37°C incubat ion (P P M 3). 
bB u l l ( r a t i o n )  used to te s t  r a t i o n ,  (P < .0 1 ) ,  (P < .0 5 ) .
* ,C*,CL in e a r ,  q u a d ra t ic ,  or cubic s e q u e n t ia l  re g res s io n  components.
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F ig u re  7 .  Least squares response o f  feed in g  cottonseed meaKCSM) 
c o n ta in in g  gossypol and soybean meal(SBM) on e ja c u la t e  volume(V0L)>  
spermatozoal concentra tion(C O N C )» and t o t a l  sperm c e l l s  per e ja c u la te s  
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F ig u re  B. Least squares response o f  fe e d in g  cottonseed meal(CSM) and 
soybean meal(SBM) on i n i t i a l  mot-i 1 i t y  < IMDT) > acrosomal in t e g r i t y ( P IA 3 )  
a f t e r  3 h -  37°C in cu b atio n *  primary(PABN) and secondary(SABN) 
a b n o rm a li t ie s *  p ro g re ss iv e  m o t i l i t y  a t  0 h(PPMO), and a f t e r  3 h -  37°C 


















no l in e a r  response across t im e was found f o r  CONC* PIA3* SABN, PPMO, or 
PPM3. There was a s ig n i f i c a n t  increase  in  IMOT and TSCPE per week* 
w h ile  a decrease in  PABN was observed (F ig u re  7 a *S ) .
T r i a l  5
R ation  d id  not s ig n i f i c a n t l y  a f f e c t  VOL* IMOT, CONC, TSCPE, PABN, 
SABN, or PPM3 (T a b le  1 4 ,1 5 ) .  B u l l  nested w i th in  r a t io n  s i g n i f i c a n t l y  
in f lu e n ce d  VOL, IMOT, CONC, P IA3, PABN, SABN, PPMO, and PPM3, but d id  
not a f f e c t  TSCPE. Slopes o f  PIA3 and PPMO were s ig n i f i c a n t l y  d i f f e r e n t  
fo r  CSM and SBM b u l ls  (F ig u re  1 0 ) .  There was a q u a d ra t ic  increase  in  
PIA3 fo r  b u l ls  fed  cottonseed meal c o n ta in in g  gossypol. No l in e a r  or 
q u a d ra t ic  response o f  PIA3 was observed f o r  b u l ls  fed  SBM. B u l ls  fed  
CSM had a s ig n i f i c a n t  h ig h er m o t i l i t y  a t  0 h than SBM b u l l s .  The h igher  
q u a l i t y  o f  PIA3 and PPMO o f  CSM b u l ls  may be a t t r ib u t e d  to  the t o t a l  
amount o f  n u t r ie n t s  fed  to these b u l ls  during  T r i a l  S. F u r th e r  research  
is  needed to a s c e r ta in  i f  th e  observed improvement in  PIA3 and PPMO fo r  
CSM b u l ls  was due to  p r o t e in ,  energy or the  combination o f  p r o te in  and 
energy in ta k e .
Slopes o f  VOL, IMOT, CONC, TSCPE, PABN, SABN, and PPM3 were not 
s ig n i f i c a n t l y  d i f f e r e n t  fo r  CSM and SBM b u l ls  (Tab le  1 4 ,1 5 ) .  T h e re fo re ,  
pooled re g res s io n  l in e s  fo r  VOL, IMOT, CONC, TSCPE, PABN, SABN, and,
PPM3 a re  presented in  F ig u res  9 a , 9b, and 10. Although tim e lack o f  f i t  
f o r  VOL was s i g n i f i c a n t ,  no a ttem pt was made to f i t  a h ig h er  degree  
polynom ial (T ab le  1 4 ) .  There was a q u a d ra t ic  response o f  volume across  
t im e (F ig u re  9 b ) .  L in e a r ,  q u a d r a t ic ,  and cubic components o f  tim e were
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Tab le  14. Least squares analyses  o f  v a r ia n c e  fo r  p r e - f r e e z in g  semen 
q u a l i t y  c h a r a c t e r is t ic s  f o r  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed  
meal and soybean meal in  T r i a l  S.





R ation 1 0 .6 12.1 178410.1 12129.2
B u ll  ( r a t io n ) * 3 7 3 . 8 * 6 6 . 1 * * 2 3 3 3 1 5 .8 * 4629510.7
Time 5
tim e j 1 0 .2 10 .8 3544 .0 10155996.5*
tim e
q.
1 1 0 .5 * * 0 .0 15317.4 5961930.0
time c 1 1 .9 3 .9 66317.6 2590173.3
lack o f  f i t 2 5 . 4 * 4 .7 198044.8 3213401.6
R ationx tim e 5
ra t io n x t im e ^ 1 2 .5 5 0 .B 259973.1 116380.6
r a t io n x t im e
q
1 0 .7 2 1 .2 57442.7 1477590.8
r a t io n x t im e c 1 0 .6 2 2 .5 145238.8 1330245.6
lack  o f  f i t 2 0 .5 1 .3 12344.3 310000.4
Residual 80 1 .4 17 .7 87810 .3 2537749.1
T o ta l 98
aV o lum e(vo l) ,  i n i t i a l  m o t i l i t y  ( IM OT), c o n c e n tra t io n  (CONC),and t o t a l
sperm c e l l s  per e ja c u la t e  (TSCPE).
b #
B u l l ( d i e t )  used to  t e s t  d i e t ,  (PC .0 1 ) ,  (PC.0 5 ) .
* ,£*,CL in e a r , q u a d ra t ic  or cubic s e q u e n t ia l  re g res s io n  components.
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Table  15. Least squares analyses o f  v a r ia n c e  f o r  p o s t - f r e e z in g  semen 
q u a l i t y  c h a r a c t e r is t ic s  o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed  
meal and soybean meal in  T r i a l  2 .
Mean Squares3
Sources d f P I A3 PABN SABN PPMO PPM3
R ation 1 0 .4 5 5 6 .8 8 .7 3 6 .8 2 .8
Bui 1 ( r a t io n ) * 3 7
* *
4 2 4 .4 8 39 .7 9 2 . 8 * * 7 3 .3 6 2 . 6 * *
Time 5
time^ 1 28.1 1 .4 1 8 6 .7 * * 6 0 .7 3 .2
time
q
1 40.1 3 8 .5 2 5 .8 10 .6 2 3 .6
time c 1 3 .5 19 .5 5 0 .2 * 12.4 2 .2
lack o f  f i t 2 7 5 .5 104.0 5 .9 2 9 .3 8 .3
Ration#Time 5
r a t io n x t im e j 1 4 2 7 .4 * 18 .0 0 .3 1 7 1 .0 * * 4 4 .0
r a t io n x t im e
q
1 4 9 0 .8 * 6 .6 2 3 .0 1 .5 2 9 .8
ra t io n x t im e c 1 8 1 .7 3 5 .0 8 .1
in 2 2 .9
lack o f  f i t 2 100.1 6 6 .5 2 .1 2 3 .7 4 8 .2
Residual 80 9 0 .2 3 7 .7 10 .8 19.4 18 .5
T o ta l 98
aAcrosomal i n t e g r i t y  a f t e r  3 h -  3 7 °C (P IA 3 ) ,  prim ary a b n o rm a l i t ie s  
(PABN), secondary abnorm alit ies(SA B N ) ,  p ro g ress ive  m o t i l i t y  a t  0 h 
(PPMO), and a f t e r  3 h -  37°C incubat ion (P P M 3).
^B ul1 ( r a t io n )  used to t e s t  r a t i o n ,  * * ( P < . 0 1 ) ,  * ( P < .0 5 ) .
1 >q,CL in e a r , q u a d ra t ic ,  or cubic s e q u e n tia l  reg ress io n  components.
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F ig u re  9 .  Least squares response o f  fe e d in g  cottonseed meal(CSM) 
c o n ta in in g  gossypol and soybean meal(SBM) on sperm i n i t i a l  m o t i l i t y  
(IM O T), e ja c u la t e  volume(VOL), spermatozoal concentra tion (C O N C ), and 
t o t a l  sperm c e l l s  per e jacu lates(TS C P E ) o f  y e a r l in g  H o ls te in  b u l ls  
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F ig u re  10. Least squares response o f  fe e d in g  cottonseed meal(CSIi) and 
soybean meal(SBIi) on acrosomal i n t e g r i t y  a f t e r  3 h -  37°C in c u b a t io n  
(P IA 3 ) ,  primary(PABN) and secondary(SABN) a b n o rm a lit ie s »  p ro g re ss iv e  
m o ti l i ty (P P M O ), and a f t e r  3 h -  37°C incubation(PPM3) o f  y e a r l in g  
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not s ig n i f i c a n t  fo r  IMOT, CONC, PABN, and PPM3 (Tab le  1 4 ,1 5 ) .  This  
in d ic a te d  th a t  th e re  was not a s ig n i f i c a n t  l in e a r  response across time  
f o r  IMOT, CONC, PABN, and PPM3 as showed in  F ig u res  9 a , 9b, and 10. A 
l in e a r  and cubic response was observed fo r  TSCPE and SABN (F ig u res  
9 a , 1 0 ) .
Plasma gossypol data  f o r  T r i a l s  1 and 2 a re  shown in  Tab le  16. 
Gossypol was not found in  plasma samples during  P r e - t r i a l  (c o n tro l  
p e r io d ) .  In  T r i a l s  1 and 2 ,  gossypol was not d e tected  in  plasma from 
CSM b u l ls  a f t e r  feed in g  cottonseed meal c o n ta in in g  gossypol a t  a dose o f  
6 mg ( T r i a l  1) or 30 mg ( T r i a l  2) o f  gossypol per kg o f  body weight nor 
in  plasma samples from SBM b u l l s .  Gossypol was not d e tected  in  plasma 
samples c o l le c te d  a t  d i f f e r e n t  time in t e r v a ls  a f t e r  feed in g  in  T r i a l s  1 
and 2 (Tab le  1 7 ) .  S te a d y -s ta te  gossypol in  plasma was not observed  
d e s p ite  the  d a i ly  gossypol in ta k e .
V a r ia t io n  in  number o f  le p to te n e  prim ary  sperm atocytes<LPS),
S e r t o l i  c e l Is (S C N ),a n d  le p to te n e  prim ary  spermatocytes to  S e r t o l i  c e l l s  
ra t io (L S C R ) were not a f fe c te d  by r a t i o n ,  but LPS and SCN were 
s i g n i f i c a n t l y  in f lu en ced  by b u l l  nested w i th in  r a t io n  (Tab le  1 8 ) .
Block nested w i th in  b u l l  and r a t io n  was not s ig n i f i c a n t  fo r  LPS, SCN, 
and LSCR. Numbers o f  LPS, SCN, and LSCR were s im i la r  f o r  CSM and SBM 
b u l ls  (Tab le  1 9 ) .  These da ta  in d ic a te  th a t  spermatogonial m ito s is  was 
not a f fe c te d  a f t e r  feed in g  cottonseed meal c o n ta in in g  gossypol to  
y e a r l in g  H o ls te in  b u l l s .
R esu lts  o f  T r i a l s  1 and 2 demonstrated th a t  feed in g  CSM co n ta in in g  
gossypol a t  a dose o f  6 mg or 30 mg o f  gossypol per kg o f  body weight to 
y e a r l in g  H o ls te in  b u l ls  was not d e tr im e n ta l  to semen q u a l i t y
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Tab le  16. Least squares means and standard e r ro rs (± S E )  f o r  plasma 
gossypol in  y e a r l in g  H o ls te in  b u l ls  a f t e r  feed in g  cottonseed meal(CSM) 
and soybean meal(SBM) r a t io n s .
R ation
Gossypol (n g /m l)
T r i a l  l b T r i a l  2b
CSM ND ND
SBM ND ND
PSRa 9 0± 1 .7 871 2 .0
aPercent sp ike  re co v e ry (20 0  ng /m l) o f  plasma samples.
bND- in d ic a te s  not de tec ted  ( l i m i t  o f  d e te c t io n  was 20 n g /m l) .
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Table  17. Least squares means and standard e r r o r s ( iS E )  f o r  plasma 
gossypol a t  d i f f e r e n t  t im es(h o u r)  a f t e r  fe ed in g  cottonseed meal(CSM) 
c o n ta in in g  gossypol and soybean meal(SBM) to y e a r l in g  H o ls te in  b u l l s .
T r i a l  1 
Gossypol (ng/ml J*3
R ation 0 h 2 h 4 h 6 h 8 h
CSM ND ND ND ND ND
SBM ND ND ND ND ND
PSR3 861 1 .9 8 8 ± 1 .7 9 0± 2 .0 861 1 .5 9 0± 2 .1
R ation
T r i a l  2 
Gossypol (ng/ml )**
0 h 2 h 4 h 6 h 8 h
CSM ND ND ND ND ND
SBM ND ND ND ND ND
PSR3 B6±1.6 891 1 .8 9 011 .9 871 1 .8 9112 .2
aPercent sp ike  reco very ( 200 ng / ml) o f  plasma samples.
^ND- in d ic a te s  not d e te c te d ( 1 im it  o f  d e te c t io n  was 20 n g /m l) .
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Tab le  10. Least squares analyses o f  v a r ia n c e  f o r  le p to te n e  prim ary  
spermatocyte numbers(LPS), S e r t o l i  c e l l  numbers(SCN)» and le p to te n e  
S e r t o l i  c e l l  numbers ra t io (L S C R ) o f  y e a r l in g  H o ls te in  b u l ls  fed  
cottonseed meal and soybean meal r a t io n s .
Sources d f LPS
Mean squares  
SCN LSCR
R ation 1 10.45 0 .3 6 1.43
Bui 1 ( r a t io n ) 7 8 3 .1 9 5 .6 4 * * 8 .8 6
B lo c k ( b u l l * r a t io n ) 9 4 .0 7 0.3B 8 .0 8
Residual 168 8 .3 9 0 .8 8 hj GO
T o ta l 179
dB u l l ( r a t i o n )  mean squares used to  t e s t  r a t i o n ,  (P < .0 1 ) .
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Tab le  19. Least squares means and standard  e r ro r (± S E )  f o r  le p to te n e  
prim ary  spermatocyte numbers(LPS)» S e r t o l i  c e l l  numbers(SCN)» and 
l e p t o t e n e - S e r t o l i  c e l l  numbers ra t io (L S C R ) per s tage I  sem in ife ro u s  
tu b u la r  c ro s s -s e c t io n s  o f  y e a r l in g  H o ls te in  b u l ls  fed  cottonseed meal 
c o n ta in in g  gossypol(CSM) and soybean meal(SBM).
Germ c e l l s
R a tio n LPS SCN LSCR
CSM 6 .3 3 a± 0 .5 1 .9 5 a±0.1 3 .5 0 a±0.E
SBM 5 .8 4 a± 0 .5 l .B 6 a±0.1 3 .3 2 a± 0 .2
aMeans w ith  the  same s u p e rs c r ip t  w i th in  column d id  not d i f f e r ( P < . 0 5 ) .
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c h a r a c t e r is t ic s  and sperm atogenesis. In  c o n tra s t  to monogastric re p o rts  
(1 4 ,  24 , 60 , 7 1 ) ,  i n i t i a l  m o t i l i t y ,  c o n c e n tra t io n ,  and m orphological  
a b n o rm a l i t ie s  o f  spermatozoa from b u l ls  fed  CSM c o n ta in in g  gossypol were 
not s i g n i f i c a n t l y  d i f f e r e n t  from SBM b u l l s .
D i f fe re n c e s  in  ab so rp t io n  and deg rad a tio n  mechanism o f  gossypol in  
the  d ig e s t iv e  t r a c t  by monogastric and rum inants animals can be 
re s p o n s ib le  f o r  the  lack o f  gossypol-induced sperm t o x i c i t y .  Gossypol 
was not absorbed by the  d ig e s t iv e  t r a c t  o f  b u l ls  fed  CSM s in ce  i t  was 
not found in  plasma and t is s u e s .  I t  was a p p are n t ly  degradated or 
in a c t iv a te d  in  the  rumen.
D ecarb o xy la t io n  o f  gossypol and fo rm a tio n  o f  gossypol complex w ith
m eta ls  and p r o te in  have been proposed as the  mechanisms o f  gossypol
d e t o x i f i c a t io n  in  monogastric anim als b e fo re  abso rp t io n  o cu rred .
D ecarb o xy la t io n  o f  gossypol i s  an im portant pathway o f  gossypol
d e t o x i f i c a t io n  in  r a t s ,  but not in  chickens and p igs  (2 ,  3 ) .  The
d e c a rb o x y la t io n  might take  p la c e  by an a u to x id a t io n  process c a ta ly zed
by iro n  probably  through a f r e e - r a d i c a l  cha in  mechanism s im i la r  to th a t
proposed f o r  benzaldehyde d e c a rb o x y la t io n  ( 2 ) .  The major p a r t  o f  the
d e c a rb o x y la t io n  in  the  r a t  may take  p lace  in  the  d ig e s t iv e  t r a c t  s ince
r a d io a c t iv e  COg appeared in  the  e x p ira te d  a i r  1 h a f t e r  a d m in is tra t io n  
14o f  C-gossypol ( 2 ) .
F e r r ic  and fe r ro u s  s a l t s  a re  re p o rte d  to d e to x i fy  gossypol.  
In a c t iv a t io n  o f  gossypol by i ro n  s a l t s  is  probably  due to the  
fo rm a tio n  o f  in s o lu b le  i ro n  complexes w ith  gossypol ( 7 4 ) .  Braham e t  a l  
( IB )  showed th a t  gossypol t o x i c i t y  disappeared a f t e r  adding calcium  and
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i ro n  to the  swine d i e t .  S h ie th  e t  a l  (66 ) demonstrated the  s y n e rg is t ic  
e f f e c t  o f  calc ium  w ith  i ro n  in  th e  in a c t iv a t io n  o f  gossypol.
The fe rro u s -g o ssyp o l complex was com ple te ly  removed from s o lu t io n  when 
calc ium  was added a t  a calc ium -phosphate  r a t i o  o f  1 .0  or g r e a t e r .  
However* under s im i la r  c o n d it io n s  on ly  h a l f  o f  the  fe r r ic -g o s s y p o l  
complex was p r e c ip i t a t e d  ( 6 6 ) .  The fo rm a tio n  o f  these iron -gossypo l  
complexes in a c t iv a te d  gossypol and reduced i t s  ab so rp t io n  from the  
i n t e s t i n a l  t r a c t .
C la rk  e t  a l  (55 ) p o s tu la te d  th a t  in a c t iv a t io n  o f  gossypol present  
in  cottonseed meal during  processing in v o lves  the  r e a c t io n  o f  the  f r e e  
amino group o f  p r o te in  m olecules w ith  the  carbonyl groups o f  gossypol to 
form bound gossypol. Lyman e t  a l  (4 3 ) showed th a t  the  carbonyl groups 
o f  gossypol re a c t  r e a d i l y  w ith  the  f r e e  epsilon -am ino  group o f  p ro te in  
present in  cottonseed meal and b lo o d (b o v in e  serum a lb u m in ) .  Th is  bound 
gossypol can not be l ib e r a te d  from i t s  p r o te in  complex by th e  d ig e s t iv e  
enzyme in  r a t s  (51* 6 8 ) .  In  the  dogs* some o f  the  p ro te in -g o s s yp o l  
complex can be l ib e r a te d  ( 1 9 ) .  C ater and Lyman (55 ) suggested th a t  
amino groups may re a c t  w ith  gossypol in  the  d ig e s t iv e  t r a c t  and the  
r e s u l t in g  complex being r e s is t a n t  to f u r t h e r  enzymatic d e g rad a t io n .  A
high in ta k e  o f  q u a l i t y  p r o te in  or supplem entation  o f  the  d i e t  w ith  
excess o f  ly s in e  reduced the  t o x i c i t y  o f  gossypol (56* 7 6 ) .
R essier and Fu (56 ) proposed th a t  gossypol was d e t o x i f i e d  by 
ruminants through b ind ing  to s o lu b le  p r o t e in .  However, th e re  is  a 
p o s s i b i l i t y  th a t  d e c a rb o x y la t io n  o f  gossypol and fo rm a tio n  o f  an
in s o lu b le  metal complex a re  a lso  invo lved  in  gossypol d e t o x i f i c a t io n  in
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rum inants. F u r th e r  research  is  needed to  t e s t  whether these proposed 
mechanisms or o th er b io lo g ic a l  process in  the  rumen a re  re s p o n s ib le  o f  
gossypol d e g rad a tio n  or in a c t i v a t io n .
In  t h is  sh o rt  term study* th e re  was no evidence o f  gossypol-induced  
bovine sperm t o x i c i t y  a f t e r  fe e d in g  d i r e c t  s o lv e n t -e x t ra c te d  cottonseed  
meal to  y e a r l in g  H o ls te in  b u l l s .  However* length and frequency o f  
fe e d in g *  r a t e  o f  passage* and in g re d ie n t  composition o f  the  d ie t  may 
in f lu e n ce d  th e  degree o f  gossypol d e t o x i f i c a t io n  in  th e  rumen.
T h e re fo re ,  i t  i s  s t ro n g ly  recommended th a t  b u l ls  should be te s te d  fo r  
plasma gossypol* when b u l ls  a re  fed  cottonseed meal c o n ta in in g  gossypol 
f o r  a prolong p er io d  o f  t im e or under d i f f e r e n t  d ie t a r y  c o n d it io n s  
rep o rted  h e re in .
F in a l l y *  we suggest the  use o f  the  b u l l s  as a b io lo g ic a l  model to  
study gossypol t o x i c i t y  in  d a i ry  c a t t l e *  s in ce  i f  gossypol was absorbed 
from the  d ig e s t iv e  t r a c t ,  i t  could have an im m ediate ly  d e tr im e n ta l  
e f f e c t  on the semen q u a l i t y  due to the  a n t i f e r t i l i t y  p r o p e r t ie s  o f  
gossypol.
SUMMARY AND CONCLUSION
A method fo r  e x t r a c t io n  and a n a ly s is  o f  gossypol in  bovine  plasma 
and t is s u e  by h igh-perform ance l iq u id  chromatography using u l t r a v i o l e t  
d e te c t io n  was developed(Chapter I I ) .  A s in g le  dose o f  gossypol a c e t ic  
ac id  o f  5 mg per kg o f  body weight was o r a l l y  ad m in is te red  to a 3 day 
old  Guernsey b u l l  c a l f .  The h ig h e s t  le v e l  o f  plasma g ossypo l<5 .5  u g /m l> 
was obta ined a t  6 h a f t e r  gossypol a d m in is t r a t io n .  The presence o f  
gossypol in  bovine plasma in d ic a te d  th a t  gossypol was absorbed from the  
gut p r io r  to e s ta b l is h in g  rumen fu n c t io n .  C o e f f ic ie n t  o f  v a r ia t io n  and 
r e p e a t a b i l i t y  e s t im a tes  fo r  a l iq u o t  w i th in  tim e were 6.66% and 92.6%. 
Gossypol was d e tected  in  spiked l i v e r *  spleen* kidney* t e s t i s *  h e a r t *  
diaphragm muscle* and lung samples o f  a y e a r l in g  H o ls te in  b u l l s .
In  f u t u r e  s tu d ie s *  n u t r i t i o n  and physio logy research  personal w i l l  
be ab le  to adequate ly  measure the  amount o f  gossypol molecule ( f r e e  
gossypol and hydrogen or e l e c t r o s t a t i c  bound gossypol) p resen t in  plasma 
and t is s u e  samples. S e n s i t i v i t y *  s p e c i f i c i t y *  p re c is io n *  and 
s e p a ra t io n  o f  gossypol molecule from o th ers  r e la t e d  cottonseed meal 
pigments* gossypol m e ta b o li te s *  or gossypol complexes were the  major 
advantages o f  the  h igh-perform ance l iq u id  chromatography gossypol assay 
described in  t h is  d is s e r t a t io n .
In  Chapter I I I  and IV ,  fo u r  and f i v e  y e a r l in g  H o ls te in  b u l ls  were 
assigned to d i r e c t - e x t r a c t e d  cottonseed meal c o n ta in in g  gossypol and 
soybean meal r a t io n s  to examine the  e f f e c t s  o f  gossypol in ta k e  on growth 
r a t e ,  semen q u a l i t y *  and sperm atogenesis. In  T r i a l  1* soybean meal 
b u l ls  were fed  corn s ilag e -so yb ean  meal co n ce n tra te  r a t io n  in  r a t i o  o f
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8 8 :12  on dry  m atte r  b a s is *  w h i le  b u l ls  on cottonseed meal were fed  corn  
s ila g e -c o t to n s e e d  meal c o n c e n t r a te (8 8 :12) f o r  60 days. In  T r i a l  2 ,  b u l ls  
on soybean meal were fed  the  same r a t io n  as in  T r i a l  1. Cottonseed meal 
b u l ls  were fed  a corn s i la g e -c o t to n s e e d  meal r a t io n  w ith  a r a t i o  o f
5 0 :5 0  on a dry  m atte r  b a s is  f o r  42 days. Cottonseed meal r a t io n
conta ined 3 0 3 3 .6 6 ± 0 .2 5  mg o f  gossypol per kg o f  dry m a tte r .  Average  
d a i l y  in ta k e  o f  gossypol was 6 and 30 mg per kg o f  body weight in  T r i a l s  
1 and 2 .
R esu lts  o f  T r i a l s  1 and 2 in d ic a te d  th a t  feed in g  d i r e c t  s o lv e n t -  
e x t ra c te d  cottonseed meal c o n ta in in g  gossypol d id  not have a d e tr im e n ta l  
e f f e c t  on growth r a t e ,  semen q u a l i t y ,  or sperm atogenesis . B u l ls  in  CSM 
and SBM groups were fe d  to  meet the  N a t io n a l  Research Council n u t r ie n t  
requ irem ents  and to have an average d a i ly  g a in  o f  0 .9 0  kg. However, 
b u l ls  fe d  CSM and SBM had an ADG o f  1 .5 5  kg during  T r i a l  2 .  Calo (20)  
found s im i la r  r e s u l t s  w ith  young H o ls te in  d a i ry  b u l ls  and p o s tu la te d  
th a t  the  g e n e t ic  a b i l i t y  o f  H o ls te in  d a i r y  b u l l s  to  g a in  weight has been
improved during  the  la s t  30 y e a rs .  Feeding program and genera l
management may a ls o  be re s p o n s ib le  f o r  th e  observed ADG in  t h is  s tudy.  
Body w e ig h t ,  body le n g th ,  w ith e r  h e ig h t ,  and s c r o ta l  c ircum ference  were 
not a f fe c te d  by r a t io n  in  T r i a l s  1 and 2 .  B u l ls  on SBM had a g re a te r  
in crease  in  h e a r t  g i r t h  per d a y (0 .2 0  cm/day) than CSM b u l l s ( 0 . 1 7  cm/day) 
in  T r i a l  1. However, the  in c rease  in  h e a r t  g i r t h  o f  CSM b u l l s ( 0 .2 4  
cm/day) was g re a te r  than SBM b u l l s ( 0 . 1 7  cm/day) in  T r i a l  2 .  Although  
crude p r o te in  in ta k e  o f  CSM b u l ls  was s ig n i f i c a n t l y  g re a te r  than SBM 
b u l ls  during  T r i a l  2 ,  i t  was s t a t i s t i c a l l y  im possib le  to a s c e r ta in
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whether the  in c rea se  in  h e a r t  g i r t h  o f  CSM b u l ls  was due to p ro te in  
in ta k e  a lo n e .  Crude p r o te in  and t o t a l  d ig e s t ib le  n u t r ie n t s  in ta k e  were 
confounded w i th in  t re a tm e n t .  There was a p o s s i b i l i t y  th a t  not a l l  the  
d ie t a r y  p r o te in  was used f o r  m ic ro b ia l  p r o te in  s ys th e s is *  s in ce  the  
amount o f  o f  m ic ro b ia l  p r o te in  s y s th e s is  is  p ro p o r t io n a l  to the  amount 
o f  energy a v a i la b le  in  the  rumen.
I n i t i a l  m o t i1i t y ( IM O T ) > sperm concentration(C O N C )j t o t a l  sperm 
c e l l s  per e ja c u la te (T S C P E ), acrosomal i n t e g r i t y  f o r  3 h -  37°C incubation  
(P IA 3 )*  p rim ary  ab n o rm a lit ie s (P A B N ), secondary ab n o rm alit ies (S A B N )* and 
p ercent p ro g ress ive  m o t i l i t y  a t  37°C(PPM0) were not a f fe c te d  by r a t io n  
in  T r i a l  1. B u l ls  in  the  CSM group had a s i g n i f i c a n t l y  la rg e r  increase  
in  VOL per week than SBM b u l l s .  In  T r i a l  2* PIA3 and PPMO were a f fe c te d  
by r a t i o n .  Slopes o f  PIA3 and PPMO were s i g n i f i c a n t l y  d i f f e r e n t  fo r  CSM 
and SBM b u l l s .  There was a q u a d ra t ic  in c rease  in  PIA3 fo r  b u l ls  fed  
cottonseed meal c o n ta in in g  gossypol across t im e . B u l ls  in  the  CSM group 
had s ig n i f i c a n t l y  h ig h er m o t i l i t y  a t  0 h than SBM b u l l s .  The h igher  
q u a l i t y  o f  PIA3 and PPMO o f  CSM b u l ls  may be a t t r ib u t e d  to  the  amount o f  
n u t r ie n ts  fed  to these b u l ls  during  T r i a l  2 .  S ince crude p r o te in  in ta ke  
was confounded w i th in  tre a tm en t*  i t  was not p o s s ib le  to  determ ine  
whether p r o te in  in ta k e  a lone was re s p o n s ib le  fo r  the  observed  
improvement in  PIA3 and PPMO o f  CSM b u l l s .  Sperm volume* i n i t i a l  
m o t i l i t y *  sperm c o n c e n tra t io n *  t o t a l  sperm c e l l s  per e ja c u la t e *  prim ary  
a b n o rm a li t ie s *  secondary a b n o rm a l i t ie s *  and percent p ro g re ss iv e  m o t i l i t y  
were not s i g n i f i c a n t l y  a f fe c te d  by r a t io n  during  T r i a l  2 .  Means o f  
le p to te n e  prim ary  sperm atocyte numbers* S e r t o l i  c e l l  numbers* and
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le p to te n e -S e r to l i  c e l l  numbers r a t i o  o f  cottonseed meal b u l ls  were not 
s ig n i f i c a n t l y  d i f f e r e n t  from soybean meal b u l l s .  Thus* spermatogonial  
m ito s is  was s im i la r  fo r  cottonseed meal and soybean meal b u l l s .
Gossypol was not found in  t i s s u e ( 1i v e r , sp leen* lung* h e a r t ,  
t e s t i s *  kidney* or diaphragm muscle) and plasma samples. S te a d y -s ta te  
o f  gossypol in  plasma was not observed d e s p ite  the  d a i ly  in ta k e  o f  
gossypol. Gossypol was a p p a re n t ly  degraded or in a c t iv a te d  in  the  rumen 
by d e ca rb o x y la t io n  o f  gossypol* fo rm a tio n  o f  gossypol-m eta l complexes or 
bind ing  o f  gossypol to s o lu b le  p r o t e in .  Whether the  amount o f  s o lu b le  
p ro te in  in  the  r a t io n  a lone is  c r i t i c a l  fo r  gossypol d e t o x i f i c a t io n  in  
ruminants as suggested by R e iser  and Fu (56 ) is  u n c le a r .
In  t h is  short term s tudy , th e re  was no evidence o f  gossypol-induced  
bovine sperm t o x i c i t y  a f t e r  feed in g  d i r e c t  s o lv e n t -e x t r a c te d  cottonseed  
meal c o n ta in in g  gossypol to y e a r l in g  H o ls te in  b u l l s .  However, length  and 
frequency o f  fe e d in g ,  r a t e  o f  passage, and in g re d ie n t  com position o f  the  
d ie t  may in f lu e n ce d  the  degree o f  gossypol d e t o x i f i c a t io n  in  the  rumen. 
T h e re fo re ,  i t  i s  s t ro n g ly  recommended th a t  b u l ls  should be te s te d  fo r  
plasma gossypol* when b u l ls  a re  fed  cottonseed meal c o n ta in in g  gossypol 
fo r  a prolong p er io d  o f  t im e or under d ie t a r y  c o n d it io n s  d i f f e r e n t  
rep o rted  h e re in .
F u rth e r  research on th e  e f f e c t  o f  r a t io n s  on male re p ro d u c t io n  are  
needed in  order to  answer the  fo l lo w in g  suggestions:
1. Id e n t i f y  the  major mechanism(s) o f  gossypol d e t o x i f i c a t io n  in  
rum inants.
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2 .  E va lu a te  d ie t a r y  f a c t o r s  th a t  may in f lu e n ce d  the  degree o f  
degradation  and in a c t iv a t io n  o f  gossypol in  the  rumen.
3 .  Determine the  optim al com bination o f  p ro te in  and energy in ta k e  
th a t  m inim ize the  onset o f  puberty  and maximize the  q u a l i t y  o f  
the  semen produced by young H o ls te in  d a i ry  b u l l s .
Design a s e r i a l  o f  T r i a l s  to  e v a lu a te  i f  the d a i l y  n u t r ie n ts  
requirem ent suggested by the  N a t io n a l  Research Council is  
a p p ro p ia te  to o b ta in  maximum performance o f  young H o ls te in  
d a iry  b u l l s .
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